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On  the  Value  of  Selection  amongst  Assured  Lives,  and  its  effect 
upon  the  Adjustment  of  a  Scale  of  Premiums,  as  between  Per- 
sons Assuring  at  Different  Ages.  By  John  Adams  Higham, 
Esq.,  Fellow,  and  one  of  the  Members  of  the  Council,  of  the 
Institute  of  Actuaries  of  Great  Britain  and  Ireland. 

This  paper  was  read  before  the  Institute  of  Actuaries  on  25  March  1850,  and 
was  printed  by  order  of  the  Council.  As  probably  very  few  of  our  readers  have 
seen  the  paper,  and  it  has  been  long  out  of  print,  we  believe  we  shall  be  rendering 
them  a  service  by  reprinting  the  paper  at  a  time  when  attention  has  been  again 
directed  to  the  effect  of  selection. — Ed.  J.  I.  A. 

I  CANNOT  better  introduce  the  subject  of  this  paper  than  by  a 
quotation  from  Mr.  Morgan's  Preface  to  his  Tables  of  the  Experience 
of  the  Equitable  Society.    He  writes  as  follows  : — - 

"  In  a  body  of  lives  of  the  same  age,  all  selected  as  healthy 
from  the  general  mass  of  mankind,  it  is  obvious  that  the  rate  of 
mortality  must  be  considerably  less  for  the  first  ten  or  twenty  years 
after  selection,  than  amongst  those  from  whom  they  are  thus  chosen. 
As,  however,  these  selected  lives  advance  in  age,  their  general  health 
and  the  rate  of  mortality  amongst  them  will  naturally  approximate 
to  the  common  standard.  This  approximation  cannot  be  accurately 
estimated,  if  the  observations  be  taken  from  a  blended  mass  of 
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lives,  selected  at  the  age  of  twenty,  for  instance,  which  have  attained 
the  age  of  fifty,  and  of  lives  selected  at  the  age  of  fifty.  The  rate 
of  mortality  will  for  the  former  class  be  less,  for  the  latter  greater, 
than  that  which  occurs  in  either  class  separately. 

"  The  correct  method,  therefore,  (if  sufficient  data  existed), 
would  unquestionably  be  to  make  distinct  tables  from  the  mortality 
of  each  distinct  class.  The  numbers  of  each  separate  class  in  the 
tables  now  presented  are  insufficient  for  that  purpose,  and  there 
is  a  variance  observable  in  the  rates  of  mortality  at  different  ages 
when  estimated  in  this  manner,  which  renders  it  scarcely  possible 
to  graduate  a  table  from  them." 

It  would  appear  that  the  opinion  here  expressed,  of  the  insuf- 
ficiency of  the  existing  materials  for  the  required  purpose,  has 
been  shared  by  subsequent  writers;  for  although  several  (and 
particularly  Mr.  Farren)  have  shown  in  a  very  interesting  manner 
the  extent  to  which  the  rate  of  mortality  among  a  body  of  assured 
lives  increases  with  the  period  which  has  elapsed  since  their 
selection,  independently  of  the  increase  resulting  from  their  growing 
age;  I  am  not  aware  that  any  one  has  computed  the  values  of 
annuities  on  lives  selected  at  particular  ages  and  kept  apart  from 
others  during  their  subsequent  existence;  or  has  added  to  the 
six  values  of  the  expectation  of  life,  similarly  determined,  which 
Mr.  Morgan  has  given  in  his  book. 

The  Committee  of  Actuaries  of  1838,  did  indeed  append  to  their 
Tables,  printed  in  1843,  a  table  described  as  "showing  the  expec- 
tations of  life  for  persons  admitted  at  particular  ages  in  the  Equitable 
Society";  but  inasmuch  as  the  whole  of  the  lives  admitted  between 
the  ages  of  twenty-five  and  sixty-five,  are  divided  into  but  four 
sets,  each  extending  over  ten  years  of  age, — during  which  period, 
the  effect  of  selection  must  have  been  well-nigh  exhausted  as  respects 
the  youngest  lives  in  each  set; — the  classification  is  not  sufficiently 
minute  for  practical  purposes. 

In  computing  the  tables  which  I  have  now  the  honour  to  lay 
before  the  Institute,  and  which  show  the  expectation  of  life,  and 
the  value  of  an  annuity  at  3  per-cent,  for  every  fifth  year  of  age 
from  twenty  to  sixty-five;  I  have  endeavoured  to  obtain  more 
exact  results  than  those  published  by  the  Committee  of  Actuaries, 
and  at  the  same  time  to  avoid  the  irregularities  to  which  Mr.  Morgan 
adverts,  by  determining  the  probabilities  of  life  from  the  data 
supplied  by  persons  who  entered  the  Equitable  Society  at  the  age 
under  observation,  and  at  the  ages  one  year  younger  and  one  year 
older.    For  instance,  the  value  of  an  annuity  on  a  life  selected  at 
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the  age  of  forty,  is  calculated  from  the  experience  of  the  Society  in 
respect  of  persons  who  entered  at  the  ages  of  thirty-nine,  forty,  and 
forty-one. 

The  results  are  still  somewhat  irregular,  but  I  think  they 
will  be  found  sufficient  to  determine  a  question  of  considerable 
importance,  by  pointing  to  the  general  table  of  mortality,  which 
is  more  suitable  than  any  other  in  common  use  for  the  calculation 
of  the  premiums  to  be  charged  for  life  assurance. 

The  form  in  which  the  calculations  have  been  made  is  more 
convenient  than  any  which  I  recollect  to  have  met  with  elsewhere. 
By  the  use  of  the  columnar  method,  of  Mr.  Peter  Gray's  new  and 
useful  Tables,  and  of  Professor  De  Morgan's  card  of  four-figure 
logarithms,  a  great  degree  of  rapidity  and  an  almost  complete 
system  of  check  have  been  attained.*  The  conversion  of  the 
natural  numbers  into  logs,  and  of  logs,  into  natural  numbers,  is 
the  only  part  of  the  process  which  it  is  necessary  to  perform  in 
duplicate.  The  same  method  could  of  course  be  followed  with  a 
more  extended  table  of  logarithms,  but  it  was  sufficient  for  my 
purpose  to  use  one  which  would  give  results  to  two  places  of 
decimals.  I  have  not  attempted  to  adjust  the  irregularities  which 
appear  in  the  columns,  except  where  it  was  necessary  to  do  so  in 
order  to  avoid  positive  absurdities.  A  comparison  of  the  expec- 
tations of  life,  given  on  the  7th  page  of  Mr.  Morgan's  Preface, 
with  those  given  on  the  28th  page  of  his  book,  will  show  how 
materially  the  character  of  a  table  is  sometimes  altered  under  the 
process  of  adjustment,  even  when  applied  by  the  most  skilful 
hands. f 

The  following  short  tables  contain  a  summary  of  the  results 
which  I  have  obtained,  compared  with  the  corresponding  values 
taken  from  five  of  the  tables  most  frequently  employed  by  actuaries. 

#  The   Council   have  been  deterred   from  printing   the  very  judiciously 
constructed  tables  appended  to  this  paper,  in  consideration  of  the  expense  it 
would  involve.    They  trust  that  the  omission  will  be  less  felt  inasmuch  as  the 
results  are  all  given  in  the  following  pages, 
f  For  example: — 


Age. 

Unadjusted 
Expectation. 

Adjusted 
Expectation. 

Difference. 

20 

41-77 

41-67 

•10 

40 

27'55 

27'40 

15 

60 

14-11 

13-91 

•20 

80 

5-51 

4-75 

•76 
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Expectation  of  Life.    Deduced  from  the  Mortality  of  Particular 

Classes. 


886 

1779 

2330 

2221 

1844 

1402 

1003 

638 

594 
Persons 
assured 
at  ages 
58  59 
60*  61* 
62. 

250 
Persons 
assured 
at  ages 
63  64 
65'  66, 
67. 

Persons 

Persons 

Persons 

Persons  !  Persons 

Persons 

x ersons 

Persons 

Age. 

assured 

assured 

assured 

assured 

assured 

assured 

assured 

assured 

at  ages 

at  ages 

at  ages 

(A  U    CX     \j  ij 

flt,  flcrpa 

at  ages 

at  ages 

at  ages 

19,  20, 

24,  25, 

29,  30, 

34,  35, 

39,  40, 

44,  45, 

49,  50, 

Ol. 

54,  55, 

OO. 

21. 

26. 

31. 

36. 

41. 

40. 

9A 
£A) 

OO  Ol 

Lo 

O^t!    1  tl 

3^-69 

OO  Uij 

ou 

Ol. 

OX  kJO 

32*68 

35 

27-64 

2861 

28-78 

30-06 

40 

25-20 

24-96 

25-22 

26-57 

27-27 

45 

22-17 

21-51 

21-66 

23-01 

23-64 

23-93 

50 

18-35 

18*20 

18-25 

19-49 

20-00 

2017 

20-28 

55 

14-96 

15-55 

15-21 

1628 

16-71 

1683 

17-01 

1740 

60 

11-73 

13-18 

12-55 

13-55 

1351 

1377 

14-00 

14-29 

14-85 

65 

11-13 

10-76 

11-17 

10-80 

10-90 

11-19 

11-36 

11-59 

11-74 

70 

(9-50) 

8-93 

8-55 

8-42 

9-03 

9-32 

9-16 

8-92 

75 

7-02 

7-02 

7-02 

7*02 

7*02 

7-02 

7-02 

7-02 

Expectation  of  Life. 


Age. 

Selected 
Lives 
(Equitable 
Society). 

A 

General 
Table 
(Equitable 
Society). 

Mr.  Davies's 
Equitable 
Table. 

Carlisle 
(Mr.  Milne). 

Experience 
of  Life 
Offices 
(Com.  of 

Actuaries). 

English 
Life  Table, 

Males 
(Mr.  Farr). 

20 

38-31 

-3-46 

41-77 

41-06 

41-46 

41-49 

39-88 

25 

35-69 

-257 

38-26 

37*44 

3786 

37-98 

36*48 

30 

3268 

-1-92 

34-60 

33-98 

34-34 

34-43 

3313 

35 

30-06 

-  -77 

30-83 

30-66 

31-00 

30-87 

29*84 

40 

27-27 

-  -10 

27-37 

27-40 

27-61 

27-28 

26-57 

45 

23-93 

+  -11 

23-82 

24-10 

24-46 

23-69 

23-31 

50 

20-28 

-  -02 

20-30 

20-83 

2111 

20-18 

20-03 

55 

17-40 

+  -30 

17*10 

17-85 

1758 

16-86 

16-68 

60 

14-85 

+  -78 

14-07 

15-06 

14-34 

13-77 

13-59 

65 

11-74 

+  -50 

11-24 

12-35 

11-79 

10-97 

10-87 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Value  of  an  Annuity  at  Three  per-cent. 


Age. 

Selected  Lives  (Equitable 
Society). 

General  Table  (Equitable 
Society). 

Mr.  Davies's  Equitable 
Table. 

Value. 

Proportion. 

Value. 

Proportion. 

Value. 

Proportion. 

20 

20-88 

21-87 

21-53 

25 

20-09 

1-000 

20-93 

1-000 

20-47 

1-000 

30 

19-18 

•953 

19-80 

•945 

19-37 

•945 

35 

18-17 

•901- 

18-44 

•881 

18-23 

•890 

40 

1713 

•852 

1711 

•817 

16-99 

•829 

45 

15-69 

•780 

1556 

•743 

15-58 

•760 

50 

13-82 

•687 

13-82 

•660 

14-02 

•685 

55 

1234 

•614 

12-12 

•579 

1249 

•610 

60 

10-89 

•541 

10*35 

•494 

10-94 

•534 

65 

8-89 

•442 

851 

•406 

9-29 

•453 
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Value  of  an  Annuity  at  Three  per -cent. — (continued). 


Age. 

Carlisle  (Mr.  Milne). 

Experience  of  Life  Offices 
(Mr.  Jenkin  Jones). 

English  Life  Table 
(Mr.  Farr). 

Value. 

Proportion. 

Value. 

Proportion. 

Value. 

Proportion. 

OA 

21*69 

2180 

21-18 

O  X 

&o 

20-67 

1-000 

20-84 

1-000 

20-19 

1-000 

30 

1957 

•945 

19-75 

•946 

19-13 

•947 

35 

18-43 

•890 

18-52 

•888 

17-98 

•889 

40 

17*14 

•829 

17-12 

•821 

1672 

•827 

45 

1586 

•766 

15-54 

•746 

1532 

•759 

50 

14*30 

•691 

13-82 

•663 

13-74 

•680 

55 

12-41 

•600 

12-02 

•577 

11-91 

•589 

60 

10-49 

•507 

1019 

•489 

10-06 

•497 

65 

8-92 

•430 

8-38 

•400 

8-29 

•410 

The  latter  table  shows  a  close  agreement,  as  regards  the  propor- 
tions which  the  terms  bear  to  each  other,  between  the  values  of 
annuities  taken  from  Mr.  Davies's  tables  and  those  computed  from 
lives  selected  at  particular  ages  and  kept  apart  from  others  during 
their  subsequent  existence.  If  we  only  ascribe  to  the  principle  of 
selection  a  somewhat  increased  force,  we  shall  have  a  table  almost 
identical  with  that  of  Mr.  Davies ;  and  that  the  lives  proposed  to 
assurance  companies  are  now  selected  with  much  better  effect  than 
formerly  I  have  no  doubt,  considering  the  increased  pains  which 
are  taken  for  that  purpose. 

A  comparison  of  columns  two  and  five  will  show  a  still  more 
marked  resemblance  between  the  two  great  tables  of  mortality 
founded  on  the  experience  of  assurance  companies.  These  neither 
of  them  take  into  account  the  effect  of  selection,  and  consequently 
the  premiums  calculated  from  them  favour  young  lives  at  the 
expense  of  old  ones.  For  a  young  man's  chance  of  life  is  exag- 
gerated in  the  tables,  by  the  adventitious  circumstance  that  an 
infusion  of  new  blood  takes  place  at  every  stage,  for  the  greater 
part  of  the  future  lifetime  through  which  he  is  supposed  to  pass. 
On  the  other  hand,  a  man  assuring  at  a  mature  period  of  life  finds 
his  expectation  underrated  by  his  being  classed  with  the  mixed 
body  who  have  lived  over  from  the  earlier  ages. 

From  what  has  been  stated  I  conclude  that  Mr.  Davies's  table 
is  more  suitable  than  any  other  in  common  use,  for  the  calculation 
of  life  premiums;  and  with  this  assumption  I  proceed  to  consider 
the  method  of  fairly  adjusting  a  scale  of  charges,  as  between 
persons  assuring  at  different  ages. 

Here  are  three  things  first  to  be  settled. 
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1.  The  rate  of  interest. 

2.  The  addition  to  cover  expenses. 

3.  The  addition  to  afford  profit. 

1.  Under  the  first  head  I  follow  the  dictum  of  Mr.  De  Morgan, 
namely:  that  "  no  office  would  be  justified  in  assuming  more  than 
3  per-cent  with  tables  that  come  any  ways  near  to  the  actual 
experience  of  mortality".    (Probabilities,  p.  261.) 

2.  With  regard  to  the  office  expenses  I  follow  the  same  authority, 
but  with  a  slight  modification.  His  opinion  is,  that  "  the  yearly 
contribution  of  every  member  to  this  fund  ought  to  be  the  same". 
(Probabilities,  p.  271.)  But  this  cannot  be  carried  out  exactly 
— to  tax  all  policies  alike  would  be  to  prohibit  small  assurances. 
I  think  the  yearly  contribution  of  every  member  to  the  fund  for 
expenses  ought  to  be  the  same  percentage  on  the  amount  of  his 
assurance.  That  is  to  say,  the  addition  for  expenses  ought  to  be 
a  constant  addition  to  the  Annual  Premium.  I  think  that  five 
shillings  per-cent  per  annum  upon  the  sum  assured  would  be 
about  the  amount  required  by  an  office  of  average  magnitude. 

3.  The  addition  to  afford  profit. 

It  appears  to  me  that  the  present  value  of  all  future  profit  to 
be  derived  on  a  policy  should  be  the  same,  whatever  the  period  of 
life  at  which  it  be  effected.  If  I  hold  property  on  two  lives,  one 
old  and  the  other  young,  and  propose  to  assure  only  one,  it  ought 
to  be  a  matter  of  indifference  to  the  company  which  I  select.  It 
follows  that  the  addition  for  profit  should  be  a  constant  addition  to 
the  Single  Premium*. 

I  subjoin  two  tables  of  premiums  constructed  on  these  prin- 
ciples, the  one  calculated  from  the  annuities  on  selected  lives,  the 
other  from  Mr.  Davies's  values  of  annuities.  I  have  taken  as  a 
standard  the  Northampton  3  per-cent  rate  for  age  sixty.  It  will  be 
borne  in  mind  that  my  object  is  to  determine  the  proportions 
which  should  exist  between  the  rates  at  different  ages,  and  not  to 
consider  what  should  be  their  absolute  amount. 

#  I  am  aware  that  both  these  modes  of  addition  have  been  employed  by  insur- 
ance companies,  although  I  do  not  know  that  any  have  combined  them. 
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Annual  Premium  per -cent. 


Age. 

Difference. 

Annuities 
on  Selected 
Lives. 

Northampton 
3  per-cent 
Premiums. 

Davies's 

A  nmi  i  t.ip«5 

•TxAUl 111  L  n. 

Difference. 


s.  d. 



£    s.  d. 

£    s.  d. 

£    s.  d. 

s.  d. 

20 

+  1  4 

2    4  11 

2    3  7 

2    2  5 

-1  2 

25 

+  6 

2    8  7 

2    8  1 

2    7  2 

-  11 

30 

3 

2  13  1 

2  13  4 

2  12  8 

-  8 

35 

-1  1 

2  18  9 

2  19  10 

2  19  0 

-  10 

40 

-2  9 

3    5  2 

3    7  11 

3    6  8 

—  1  3 

45 

-2  6 

3  15  5 

3  17  11 

3  16  11 

-1  0 

50 

+ 1  0 

4  11  7 

4  10  7 

4  10  4 

-  3 

55 

+  1  4 

5    7  8 

5    6  4 

5    6  7 

•+  3 

60 

0 

6    7  4 

6    7  4 

6    7  4 

0 

65 

(8    3  10) 

7  16  8 

(7  16  4) 

It  will  be  observed  that  both  tables  agree  very  closely  with  the 
common  scale  of  premiums  calculated  by  the  Northampton  Table 
of  Mortality  at  3  per-cent,  and  I  will  confess  that  it  was  with  a 
desire  to  defend  that  scale  of  premiums  from  the  reproaches  with 
which  it  has  of  late  been  the  fashion  to  assail  it ;  and  in  the  hope 
of  suggesting  some  considerations  which  might  check  the  too 
common  disposition  to  lower  to  a  dangerous  extent  the  premiums 
on  young  lives,  that  I  have  been  induced  to  submit  to  the  Institute 
the  present  paper.  I  say  for  the  Northampton  table  of  premiums 
all  that  the  warmest  admirer  of  the  Carlisle  table  of  mortality  can 
urge  in  its  favour,  namely,  that  while  I  own  the  mode  of  its 
construction  was  faulty,  and  the  data  on  which  it  was  founded  are 
insufficient,  it  happens  to  agree  very  nearly  indeed  with  the  best 
and  fairest  table  I  can  frame. 

Having  shown  that  the  Northampton  premiums  are  fairly 
adjusted,  I  proceed  to  show  that  they  are  moderate  in  amount. 
This  question  of  course  turns  upon  the  number  who  insure  at 
the  younger  and  older  ages  respectively.  I  have  therefore  extracted 
and  classed  under  their  ages  at  entry,  in  quinary  periods,  the  whole 
of  the  persons  recorded  in  the  reports  of  the  Equitable  and  Amicable 
Societies,  and  in  the  report  of  the  Committee  of  Actuaries  for  Town, 
Country,  and  Irish  Male  Lives.  The  following  table  shows  the 
annual  premium  which  would  be  payable  on  a  policy  for  £100 
effected  on  each  life,  the  rate  per-cent  being  determined  for  each 
quinary  class  by  the  mean  age. 
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Number 

Annual  Premium. 

of 

x  cl  oUHb 

Assured  at 
each  Age. 

Northamp- 
ton 
3  ner-ppnt 

Carlisle 
3  per-cent. 

Carlisle 
4  per-cent. 

1 

Experi- 
ence 

Q  •npr-ppTil 

Experi- 
ence 

4  "npr-ppTit, 

English 
1  a  Die 
3  per-cent. 

English 
la  Die 
4  per-cent. 

3b 

3b 

j? 

3b 

3b 

3b 

3b 

db 

under  14 

OOO 

1  90C 

1,400 

OKI 
OOl 

74b 

OCA 

744 

Ql  (\ 

yiu 

OUO 

1  K.  f  r»  1  Q 

10  to  ±y 

1  a^a 

9  1  OK 

Z,loo 

1,4*04 

1  00c 

1       A  C 

1,445 

l,Zb7 

1  CCA 

±,oou 

1  ^ftK 

on  f/%  9/i 

A  AO/1 

Ck  1  Af\ 

a  oo<? 

c  £M 1 

/j  000 

c  /i  aa 

0,  /  b± 

^U'dbl 

9c  xrt  OQ 

to  zy 

Q  A  9Q 

91  AQQ 

10,1  /  u 

1  O  CO/? 
l0,5ob 

14,791 

"1  O  1  "1  O 

lo,llo 

i  £  nnft 
ib,uuo 

i^,oy  / 

OU  tO  04 

i  a  ^9Q 
jlu,  /  zy 

on  m  0 

zy,yiy 

99  AOQ 

ly,oo9 

Zl,bol 

in  nee 

90  OCA 

91  AK9 

Oft  OQ 

00  to  oy 

i  a  /i  k  i 

Q9  Q/(A 

OA 

2z,olz 

OA  CIO 

24,bl4 

OO  f)1  Q 

Ofi  A*70 

90  hho 

tfcU  tO 

ft  ftftl 

Q1  >7£iO 
Ol,/Oo 

9/1  /I  AC\ 

no  000 

2Z,ooo 

O  A  hO  A 

24,784 

00  a  a  a 
Z2,b49 

OK 

ZD,  /  /U 

90  CQO 

A  Z.  4- st.  A  O 

<±d  to  *y 

£  >791 

b,/Zl 

0/7 

^/,/4b 

91  £>7K 
Zl,b/0 

ly,yoo 

00  'tai 

zz,/yl 

zi,oy7 

90  OAQ 

91  K9^ 

ka  C/i 
OU  to  04) 

99  non 

io,/yo 

17,575 

19,852 

18,613 

9A  A1  C 

1  Q  ^7^79 

CC  CQ 

00  to  oy 

0,UOO 

1  ^7  Cflfi 
1  /,DOO 

1  X  /(Ql 
10,4ol 

1 4  fi'/fi 

J-  ^E)  U  /  U 

1  fi  1  21 

J.  U,  Xmx 

1  5  2Qfi 

ID,oo/ 

1  k  K^n 
±0,0  /  u 

60  to  64 

1,761 

12,126 

11,064 

10,599 

11,708 

11,232 

11,902 

11,431 

65  to  69 

656 

5,645 

5,198 

5,019 

5,640 

5,460 

5,702 

5,525 

70  to  74 

126 

l',406 

1^342 

l',309 

1,419 

1,384 

1^422 

1,387 

75  to  79 

23 

340 

313 

306 

345 

338 

339 

333 

80  to  84 

2 

41 

35 

34 

40 

40 

39 

38 

85  to  89 

2 

54 

46 

45 

57 

56 

51 

50 

Total 

61,342} 

(215,987 

169,027 

155,533 

172,338 

158,352 

179,393 

165,775 

Persons) 

(Annual  Premium 

on  £6,134,200  assured. 

The  Northampton  3  per-cent  premium  is  equal  to  the 
Carlisle  3  per-cent  increased  .... 

„      4  per-cent  „ 
Experience  3  per-cent  increased 

„        4  per-cent  „ 
English  Table,  3  per-cent  increased 
„  4  per-cent  „ 


27*8  per-cent. 
38-9 
253 
364 
20-4 
30-3 


Now  I  apprehend  that  if  I  had  asked  the  opinion  of  any 
member  of  this  Institute  as  to  the  propriety  of  adopting  Mr.  Farr's 
3  per-cent  table,  with  an  addition  of  20  per-cent,  he  would  have 
replied  that  the  premiums  might  be  safe  for  a  non-participating 
scale,  but  would  not  be  high  enough  to  allow  bonus.  Such 
would  appear  to  be  Mr.  Farr's  own  opinion,  for  he  has  published 
his  rates  with  various  percentages  of  addition,  ranging  as  high  as  40 
per-cent. 

How  is  it,  then,  that  the  Northampton  Scale  has  acquired  its 
reputation  of  being  excessive  in  amount  ? — that,  in  point  of  fact 
the  companies  using  it  have  been  so  remarkable  for  large  accumula- 
tions ?  The  answer  is  supplied  by  the  foregoing  investigation.  The 
Northampton  rates  are  profitable  because  they  approximate  so  closely 
to  a  fairly  adjusted  scale. 

It  is  not  enough  for  the  interests  of  an  assurance  company 
that  a  deficiency  of  its  charges  at  one  period  of  life  should  be 
compensated  by  excess  at  another;   for  the  great  bulk  of  its 
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business  will  be  transacted  where  its  rates  are  lowest.  Now  it 
is  very  nearly  a  matter  of  indifference  to  the  Northampton  Offices, 
at  what  period  of  life  the  assurances  effected  with  them  are 
taken  out;  and  to  that  circumstance,  mainly,  I  attribute  their 
prosperity. 

I  think  it  is  clear  that  one  objection  which  Mr.  Farr  makes 
to  the  Northampton  table  as  the  groundwork  of  a  scale  of  premiums, 
applies  also,  in  a  measure,  to  his  own.  That  is  to  say,  the  profit 
to  the  company  employing  them  will  arise,  to  an  uncertain  extent, 
from  their  overrating  the  mortality  it  is  likely  to  sustain.  I  respect 
greatly  the  ability  which  characterises  all  Mr.  Farias  papers ; 
especially  that  appended  to  the  8th  Report  of  the  Registrar- General ; 
but  it  does  appear  to  me  unfair  that  his  strictures  on  the  premiums 
charged  by  most  of  the  leading  assurance  companies,  which  he 
points  out  by  name,  should  have  been  published  with  the  authority 
of  a  parliamentary  paper  and  at  the  national  expense.  He  states 
that  "  in  his  money  calculations  and  examples  no  allowance  is  made 
for  expenses,  fluctuations,  and  profits",  but  that  is  just  begging  the 
whole  question. 

It  will  be  observed  that  I  have  confined  my  remarks  to  the 
premiums  for  assurance  for  the  whole  term  of  life.  I  believe  that 
most  of  the  offices  named  by  Mr.  Farr  have  discontinued  the  use 
of  the  Northampton  tables  for  short  period  and  contingent  assur- 
ances; yet  one  would  suppose  from  his  paper  that  they  were  still 
generally  employed  for  those  purposes,  and  even  for  granting 
endowments  and  annuities. 

The  words  just  quoted  from  Mr.  Farr  suggest  three  reasons  for 
the  margin  of  protection  which  assurance  companies  are  in  the 
habit  of  taking  in  determining  their  rates  of  premiums,  namely, 
they  have  to  allow  for  "  expenses,  fluctuations,  and  profits".  I 
have  not  yet  referred  to  the  second  of  these — the  contingency  of 
fluctuations — because  it  is  not  possible  to  measure  its  value.  But, 
if  properly  taken  into  account,  it  will  require  a  larger  amount  of 
addition,  proportionately,  to  the  premium  for  assurance  on  a  young 
life  than  to  that  on  an  old  one,  because  the  former  contract  may 
extend  far  into  the  future,  while  the  latter  must  be  determined 
comparatively  soon.  It  is  more  easy  to  form  an  opinion  whether 
the  value  of  money  is  likely  to  be  materially  altered,  or  the  system 
of  direct  taxation  materially  extended,  or  whether  any  breach 
of  the  public  faith  is  likely  to  be  committed,  during  the  next 
seven  years,  than  during  the  next  seventy  years.  For  this  reason 
I  think  that  if  a  company  were  formed  to  assure  only  very  old 
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lives,  it  might  be  justified  in  assuming  a  higher  rate  of  interest 
in  its  calculations,  than  one  which  should  assure  only  very  young 
lives. 

If  the  contingency  of  fluctuations  be  introduced  into  the  calcu- 
lation of  life  premiums,  it  should  be  in  the  form  of  a  further 
constant  addition  to  the  annual  premium,  so  that  the  charge  on 
each  policy  should  depend  on  the  period  of  its  duration.  The 
effect  will  of  course  be  to  raise  the  proportion  which  the  premiums 
on  young  lives  bear  to  those  required  at  the  older  ages. 

In  concluding  these  observations,  I  beg  to  suggest  that  a 
distinction  between  the  addition  for  expenses  and  the  addition  for 
profit,  in  the  calculation  of  life  premiums,  would  point  the  way  to 
a  more  exact  mode  of  dividing  profits,  than  any  which,  I  believe, 
has  yet  been  adopted.  If  two  persons  of  different  ages  are  now 
about  to  effect  assurances,  entitling  them  to  a  share  of  profit  at 
the  end  of  a  certain  number  of  years,  the  present  values  of  the 
endowments  which  will  represent  their  cash  bonuses  ought  to  be 
proportionate  to  the  present  values  of  the  temporary  annuities  of 
profit  which  they  are  to  contribute  to  the  general  fund  until  the 
period  of  distribution.  Thus  making  p  =  the  annual  profit  charged 
to  a  person  entering  at  any  age,  the  formula  for  the  calculation  of 
what  is  technically  termed  the  "  Scale  of  Appropriation"  will  be 

Value  of  temporary  annuity       Nm_i  —  Nm+n_i 
^      Value  of  endowment         ^  Dm+n 

This  appears  to  me  correct  in  principle,  but  I  do  not  assert  that 
it  would  be  possible  to  carry  it  out  in  practice.  Our  whole  course 
of  business  is  a  system  of  compromise  between  that  which  is 
theoretically  correct,  and  that  which  is  practically  convenient ; 
and  a  mode  of  dividing  profits  which  should  fully  satisfy  both 
requirements  would  exhibit  a  degree  of  perfection  to  which  we 
have  not  hitherto  attained. 

Royal  Exchange  Life  Office, 
18  February  1850. 


Postscript. 

The  foregoing  remarks  upon  the  proper  adjustment  of  a  scale 
of  premiums  apply  only  to  assurance  companies  transacting  business 
without  the  intervention  of  agents.  If  an  allowance  of  commission, 
in  the  usual  form  of  a  percentage  upon  the  annual  premiums, 
has  to  be  taken  into  account,  the  formula  should  be  as  follows : — 
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{l  +  a  +71-c 

Theabove={l^^+e}J- 
<•         1  +  a  )  1  —  c 

=  {-1^(1+^-8+41- 

~     1-c  +  l-c  ' 

As  an  assurance  company  cannot,  of  course,  have  two  scales  of 
premium,  one  to  pay  commission  and  the  other  not,  I  think  the 
charge  should  be  regarded  as  affecting  the  business  at  large,  and 
that  the  rate  of  allowance  assumed  in  the  calculation  should  be 
that  proportion  which  the  whole  amount  of  commission  paid  in  a 
year,  bears  to  the  whole  amount  of  premiums  received.  For 
instance,  if  the  company  pay  a  commission  of  5  per-cent  upon 
four-fifths  of  its  premiums,  c  will  be  =  '04. 

Let  8  be  as  before  ='029126  and  e=*0Q25;  also  let  p  be 
arbitrarily  fixed  =  '04778,  so  that  the  rate  for  age  60  may  agree 
with  the  previous  table,  the  formula  for  the  office  premium  will  be — 

1*09143  (pure  premium)  +  '004053. 

The  first  column  of  the  following  table  has  been  calculated  by 
this  formula  from  Mr.  Davies's  table  at  3  per-cent. 


Age. 

Adjusted  Annual 
Premium. 

Northampton  Pre- 
mium. 

Difference. 

£    s.  d. 

£   s.  d. 

s.  d. 

20 

2  15 

2    3  7 

2  2 

25 

2    6  2 

2    8  1 

1  11 

30 

2  11  8 

2  13  4 

1  8 

35 

2  18  1 

2  19  10 

1  9 

40 

3    5  11 

3    7  11 

2  0 

45 

3  16  2 

3  17  11 

1  9 

50 

4    9  10 

4  10  7 

0  9 

55 

5    6  4 

5    6  4 

0  0 

60 

6    7  4 

6    7  4 

0  0 

*  P  represents  the  "  pure  "  annual  premium,  c  the  rate  of  commission,  p  the 
constant  addition  to  the  single  premium,  for  profit,  and  €  the  constant  addition  to 
the  annual  premium,  for  expenses. 
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On  the  Principles  to  be  observed  in  Life  Office  Valuations  made 
with  a  view  to  Distribution  of  Profits :  being  a  paper  read  to  the 
Actuarial  Society  of  Edinburgh.  By  John  M.  McCandlish, 
F.R.S.E.,  Honorary  President  of  the  Society. 

Some  apology  is  needed,  perhaps,  for  proposing  to  rediscuss  a 
subject  which  has  been  handled  so  often,  and  by  so  many  dis- 
tinguished actuaries.  But  I  am  probably  addressing  gentlemen 
who  have  not  had  occasion  to  become  familiar  with  all  that  has 
been  written  or  said  on  the  subject,  and  others  to  whom  it  may 
usefully  be  presented  from  a  fresh  point  of  view;  and  there  are 
some  important  practical  questions  too  on  which  the  profession 
seem  scarcely  yet  agreed,  which  will  admit  of  further  consideration. 
I  shall  not  attempt  to  notice  the  various  papers  which  from  time  to 
time  have  been  contributed  by  actuaries  towards  the  solution  of  the 
questions  I  am  to  consider.  For  many  of  the  views  I  am  to  express 
I  am  necessarily  indebted  to  those  who  have  preceded  me;  and 
the  aim  of  this  paper  is  less  to  introduce  what  is  new,  than  to 
enforce,  and  illustrate  if  possible,  sound  and  correct  opinions.  I  am 
anxious  to  set  the  subject  in  a  light  which  will  make  it  intelligible 
to  others  than  actuaries,  and  to  discuss  principles  rather  than 
formulas. 

With  respect  to  most  of  the  calculations  which  an  actuary  may 
have  to  make,  he  will  find  it  important  to  start  with  the  enquiry, 
What  is  the  object  for  which  the  calculation  is  desired?  Even  in 
so  simple  a  problem  as  finding  the  value  of  an  annuity  on  a  single 
life,  it  may  materially  affect  his  data  and  his  method  of  proceeding, 
if  he  knows  that  the  object  is  to  ascertain  what  such  an  annuity 
can  be  bought  for,  or  what  it  can  be  sold  for,  or  what  loan  may  be 
given  or  obtained  on  the  security  of  the  annuity,  or  whether  it  is  to 
be  the  subject  of  negotiation  and  compromise.  In  estimating  the 
liabilities  and  assets  of  a  life  office,  several  distinct  objects  may  be 
had  in  view.  The  question  may  be,  whether  the  office  is  not  insol- 
vent, or  unlikely  to  be  able  to  meet  its  liabilities  as  they  emerge;  or 
it  may  be,  what  sum  ought  to  be  paid  to  another  office  to  relieve  it 
of  its  liabilities;  or  the  object  may  be  to  ascertain  what  surplus  or 
profit  it  has  realized  after  making  provision  for  all  its  liabilities,  and 
how  that  ought  to  be  apportioned.  Confusion  has  sometimes  arisen 
from  a  well  meant  endeavour  to  find  some  general  method  of  pro- 
ceeding which  will  apply  to  all  these  cases.  There  will  therefore 
be  some  advantage  in  confining  the  present  enquiry  to  one  of  these 
objects  in  the  first  instance;  and  as  the  purpose  for  which  such 
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valuations  are  most  frequently  undertaken,  especially  in  Scotland, 
and  with  which  therefore  we  here  are  most  likely  to  have  to  deal,  is 
the  ascertaining  and  dividing  of  surplus  or  profit,  I  propose  to  ask 
your  attention  exclusively  to  this  aspect  of  the  question. 

I  have  another  reason  for  doing  so.  The  plan  which  has  been 
followed  by  some  distinguished  actuaries,  of  trying  to  establish  a 
canon  of  valuation  which  shall  not  in  any  case  be  too  severe  or 
exacting,  presents  some  grave  difficulties.  Archbishop  Whateley 
has  somewhere  remarked,  that  the  evil  done  by  a  bad  example  is 
not  so  much  that  others  follow  it,  as  that  others  think  they  have 
done  well  if  they  just  come  short  of  it.  An  easy  system  of 
valuation,  which  may  be  justified  in  extreme  cases,  has  a  great 
attractiveness,  even  in  cases  that  are  not  extreme;  and  though  it 
may  not  be  followed  absolutely,  it  may  be  approached  unnecessarily. 
There  is  a  proverbial  facility  in  descent,  and  there  are  many 
temptations  in  a  life  office  to  be  content  with  the  least  possible 
Reserve,  in  order  that  there  may  be  a  larger  fund  available  for 
present  expenditure  or  for  present  dividends  and  bonuses.  What, 
therefore,  I  should  like  to  see  established  by  the  common  voice  of 
our  profession,  is  a  high  standard  of  Valuation,  which  shall  be 
regarded  as  the  thing  to  be  desired  and  aimed  at,  which  may  be 
relaxed,  indeed,  in  one  direction  or  another  when  there  is  need,  but 
any  departure  from  which  ought  to  be  recognized  as  a  departure, 
and  carefully  measured,  and  have  specific  reasons  assigned  for  it. 
That  actuaries  will  agree  absolutely  on  any  one  combination  of 
data  is  not  to  be  expected,  nor  shall  I  venture  to  insist  on  it.  I 
desire  rather  to  offer  a  contribution  towards  the  recognition  of 
sound  principles. 

One  or  two  preliminary  remarks  of  some  importance  may  be 
made.  It  does  not  seem  always  to  be  remembered  (although 
suggested  by  so  well  known  a  writer  as  David  Jones),  that  a 
valuation  may  affect  very  materially  the  rates  of  premiums  received 
by  an  office.  I  think  I  have  heard  it  said,  in  extenuation  of  a  too 
easy  system  of  valuation,  that  at  all  events  the  premiums  charged 
by  the  office,  being  equal  to  those  of  most  other  offices,  must  be 
amply  sufficient.  But  let  us  look  at  the  matter  in  this  way.  A 
yearly  payment  of  .£25  will,  at  a  given  age,  assure  £1000  payable 
at  death,  according  to  one  table  or  one  mode  of  calculation,  and 
will  assure  £1200  according  to  another.  An  office  has  issued  a 
policy  for  £1000  in  consideration  of  a  yearly  payment  of  £25,  and 
may  be  regarded  as  amply  on  the  side  of  safety.  But  a  few 
months  afterwards  it  estimates  its  liability  under  this  policy  by  a 
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method,  or  according  to  a  table,  which  brings  out  £1200  as  the 
reversionary  liability  equivalent  to  a  premium  of  £25  a  year.  It 
has  thus  a  surplus  reversion  of  £200  to  dispose  of.  The  £200  is 
not  added,  as  it  might  reasonably  be,  to  the  particular  policy  to 
which  it  owes  its  being,  but  has  gone  into  the  general  profit  and 
loss  pot,  along  with  other  surplus  reversions  similarly  obtained, 
and  is  served  out  to  various  policyholders,  if  indeed  it  has  not 
already  been  eaten  up  in  the  form  of  costs  or  extraordinary  losses. 
From  that  moment,  however,  the  £25  payable  yearly  under  this 
policy  is,  throughout  its  whole  existence,  weighted  with  a  rever- 
sionary liability  of  £1200,  and  the  effect  on  the  office  is  precisely 
the  same  as  if  for  a  policy  of  £1000  the  yearly  premium  had  been 
no  more  than  £20.  16s.  8d. 

Another  question  to  raise  at  the  outset  is,  For  whose  benefit 
are  we  about  to  make  the  supposed  valuation?  Whose  interests 
are  we  to  have  in  view  ?  It  seems  still  the  fashion,  in  works  which 
profess  to  instruct  the  public  about  life  assurance,  to  divide  life 
offices  into  three  classes,  Mutual,  Proprietary,  and  Mixed;  but  I 
am  not  aware  that  there  is  in  this  country  at  the  present  time  any 
proprietary  office  in  the  sense  here  intended.  Practically,  in  all 
British  offices,  the  assured  are  either  the  only  partners  in  the  con- 
cern, or  have  far  the  largest  share  in  it.  One  can  imagine  that  in 
a  purely  proprietary  company,  where  no  portion  of  the  surplus  or 
profits  went  to  the  assured,  the  proprietors  might  not  be  unwilling 
to  issue  policies  at  rates  to  yield  them  a  profit,  and  then  to  estimate, 
as  nearly  as  they  could,  the  present  value  of  that  profit  in  all  time 
coming,  and  proceed  at  once  to  divide  the  value  among  themselves. 
But  in  a  mixed  company,  no  less  than  in  a  purely  mutual  office, 
there  is  little  temptation  to  this  course.  Suppose  the  case  of  a 
mixed  office,  which  appropriates  to  its  shareholders  one  tenth,  or 
possibly  so  much  as  a  fifth  of  its  profits.  A  too  sanguine  valuation, 
and  consequently  an  over-estimate  of  accrued  profits,  might,  no 
doubt,  lead  immediately  to  increased  dividends,  but  at  the  cost  of 
an  undue  increase  of  the  liabilities  of  the  shareholders  to  their 
partners,  the  assured.  For  every  pound  of  excessive  profits  unwisely 
credited  to  themselves,  they  would  unduly  increase,  by  £9  or  by  £4, 
as  the  case  might  be,  the  claims  upon  them  of  the  assured,  who 
are  at  once  their  partners  and  their  creditors.  The  interests  of  the 
assured,  on  the  other  hand,  may  be  best  considered  by  assuming 
them  to  belong  to  a  purely  mutual  office.  What  motive  can  they 
have  to  over-estimate  future  profits,  or  even  to  sail  as  close  to  the 
wind  as  they  can  in  estimating  them?     An  agreement  among 


1876.]        made  with  a  view  to  Distribution  of  Profits. 


15 


persons  wishing  to  assure,  that  they  shall  all  pay  premiums  on 
the  lowest  possible  scale,  and  take  their  chance,  might  be  a  not 
unreasonable  proceeding;  but  one  can  scarcely  imagine  their 
agreeing  to  pay  rates  known  to  be  more  than  sufficient,  and  then 
proceeding  to  appropriate  to  themselves  at  once  the  whole  expected 
profits  from  these  over-payments,  and  possibly  something  more. 
It  seems  clear,  therefore,  that  alike  in  the  interests  of  shareholders 
and  assured,  a  system  of  valuation  is  needed  which  will  make  ample 
provision  for  all  liabilities  to  come. 

Having  thus  glanced  at  the  views  which  may  be  supposed  to 
influence  shareholders  and  policyholders,  it  may  be  allowable  to 
look  for  a  moment  at  those  which  may  affect  the  mind  of  the 
actuary.  It  is  undoubtedly  a  pleasant  thing  to  find  ourselves  able 
to  report,  respecting  any  society  which  has  done  us  the  honour  of 
consulting  us,  that  its  funds  are  sufficient  to  meet  its  obligations, 
and  perhaps  to  yield  a  good  bonus  in  addition;  and  there  may 
be  many  subtle  influences  at  work  to  induce  us  to  take  too 
sanguine  a  view  of  the  situation.  Some  persons  might  imagine  that 
the  best  safeguard  against  this  was  to  employ  an  outside  actuary, 
who,  not  being  responsible  for  any  mismanagement  or  misfortune 
in  the  past  career  of  the  office,  might  feel  himself  free  to  give  an 
unbiassed  opinion,  and  thereby,  perhaps,  to  contribute  towards 
putting  the  office  in  a  sounder  position  for  the  future.  But  the 
history  of  life  assurance  does  not,  I  think,  confirm  this  view;  and 
it  seems  to  me  that  those  offices  are  fortunate  whose  valuations  are 
made  on  the  responsibility  of  officers  permanently  attached  to 
them,  who  must  be  conscious  that  they  may  have  the  future  to 
answer  for  as  well  as  the  present,  that  they  may  have  to  face 
another  and  yet  another  valuation,  and  that  any  error  committed 
now  will  tell  against  them  with  accumulating  force  at  these  succes- 
sive epochs  of  test  and  trial. 

Proceeding  now  to  consider  the  method  of  valuation,  I  propose 
to  confine  my  attention  to  that  one  which  undoubtedly  is,  beyond 
any  other,  the  prevailing  method — that,  namely,  by  which  we 
estimate  separately  the  present  equivalent  of  the  liabilities  of  an 
office  and  the  present  value  of  its  premiums  receivable,  and  hence 
ascertain  the  sum  which  it  ought  to  have  in  hand  to  give  it  the 
prospect  of  meeting  all  its  engagements.  This  method  is  suggested, 
at  all  events,  by  the  Life  Assurance  Companies  Act  of  1870,  and  is 
enforced  in  certain  cases  by  the  Act  of  1872 ;  but — what  is  of  more 
importance — it  enables  us  to  resolve  into  their  elements  the  data 
on  which  we  are  proceeding,  to  test  and  probe  each  of  them  sepa- 
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rately,  to  see  with  precision  the  effects  which  any  change  in  the 
data  or  in  our  mode  of  handling  them  are  fitted  to  produce,  and 
to  examine  the  component  parts  of  our  valuation,  one  by  one, 
alongside  the  corresponding  elements  out  of  which  our  premiums 
have  been  constructed. 

Alike,  in  calculating  rates  of  premium  and  in  estimating  the 
value  of  policies,  there  are  three  well  known  centres  round  which 
all  the  questions  we  can  consider  group  themselves, — the  table  of 
mortality  to  be  used,  the* rate  of  interest  to  be  assumed,  and  the 
method  of  dealing  with  the  "  loadings". 

I — Tables  of  Mortality. 
The  actuarial  sentiment  of  the  day  seems  to  favour  as  near  an 
approach  as  possible  to  what  is  sometimes  called  a  "true"  table  of 
mortality.  The  form  of  expression  occasions,  I  think,  a  little 
confusion  sometimes,  for  it  suggests  the  idea  that  a  table  may  be 
found  which  will  indicate  beforehand  with  certainty  the  rate  at 
which  any  given  number  of  persons  will  die.  A  moment's  con- 
sideration will  recal  the  fact,  that  no  "true  table"  in  this  sense  is 
available  to  us.  All  that  any  table  can  do  for  us  is  to  formulate 
the  experience  of  the  past,  and  to  excite  in  us  a  more  or  less 
reasonable  expectation  that  the  future  will  be  not  dissimilar.  What- 
ever abstract  "  law"  of  mortality  may  exist  in  the  nature  of  things, 
it  is  obviously  liable  to  so  many  exceptional  influences,  so  many 
caprices  even,  if  we  may  so  speak,  that  although  the  law  were 
known  to  us,  we  could  not  rely  on  it  as  an  invariable  factor.  Those 
of  us  who  have  had  a  long  connection  with  life  assurance,  or 
who  have  made  ourselves  familiar  with  its  history,  will  be  least 
inclined  to  dogmatize  about  particular  tables  of  mortality.  Long 
after  my  first  acquaintance  with  the  subject,  the  Northampton 
table  was  in  high  repute  as  thoroughly  safe,  although  it  might  not 
be  used  with  prudence  for  all  purposes  at  all  ages.  The  Carlisle 
table,  which  succeeded  it  in  popularity,  is  now  pooh-poohed  in 
many  quarters,  with  scant  justice,  I  think.  The  Experience  (17 
Offices)  table  was  long  the  pet  of  a  few  actuaries,  but  distrusted, 
unduly,  perhaps,  by  the  many.  The  English  table  promised  us 
the  results  of  a  far  wider  basis  of  facts  than  any  that  had  preceded 
it,  but  does  not  seem  to  be  much  used  by  the  profession.  And 
now  we  have,  as  the  favourite,  the  Institute  (20  Offices)  table,  for 
which  we  are  sometimes  invited  to  discard  all  others.  It  is  a 
highly  satisfactory  consideration,  that  all  of  these  tables  run  so 
nearly  parallel,  and  that  hence  we  may  feel  pretty  sure  that  the 
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law  of  mortality  lies  within  comparatively  narrow  limits.  Still, 
if  we  had  the  most  perfect  table  that  could  be  formed  from  the 
experience  of  the  past,  the  question  would  remain  whether  the 
future  could  be  trusted  to  reproduce  an  exactly  corresponding 
experience.  Apart  from  the  circumstance  that,  for  anything  we 
can  tell,  the  general  death-rate  throughout  the  country  may  increase 
or  diminish  during  the  coming  years,  it  is  in  a  high  degree  impro- 
bable that  the  future  experience  of  any  one  office  will  correspond 
precisely  with  the  general  average.  Even  as  a  matter  of  pure 
chance  (if  there  be  such  a  thing),  the  average  results  will  be 
consistent  with  large  deviations,  on  the  one  side  or  the  other,  in 
the  case  of  individual  offices;  but  it  is  plain,  besides,  that  some- 
thing may  depend  on  the  localities  or  the  social  classes  from  which 
an  office  draws  its  business,  and  on  the  skill  and  care  of  those 
who  conduct  it. 

A  "true  table  of  mortality",  then,  in  the  sense  that  by  using 
it  we  may  reckon  confidently  on  neither  profit  nor  loss  arising 
under  this  head,  is  not  to  be  looked  for.  It  is  obvious  that,  of  the 
two  possible  deviations,  the  one  to  be  provided  for  is  an  excess  of 
mortality,  or  rather  of  premature  mortality,  and  that  consequently 
the  sort  of  table  to  be  used  is  one  that  can  only  be  described  as  a 
"safe"  table.  I  think  I  have  seen  in  some  paper  on  this  subject 
(by  whom  written  I  cannot  recal)  a  strong  preference  expressed  for 
a  true  table  rather  than  a  safe  one ;  and  if  the  meaning  be  that  a 
table  is  not  a  sound  one  which  is  needlessly  "  safe",  and  does  not 
even  approach  to  what  will  probably  be  "true",  I  shall  not  dissent. 
But  what  I  desire  to  suggest  is,  that  this  is  not  a  case  where  it  is 
possible  to  say,  "  You  have  no  need  to  err  on  the  safe  side,  for  you 
have  no  need  to  err  at  all  on  either  side."  Certainty  is  unattainable, 
and  error  is  so  highly  probable  that  it  ought  to  be  provided  for, 
and  provided  for  on  the  side  of  safety. 

It  seems  to  me  very  desirable  that  the  table  to  be  used  should 
be  a  known  table,  one  whose  merits  or  demerits  may  be  canvassed 
and  recognized  by  actuaries,  and  not  a  fancy  table,  constructed,  as 
it  is  sometimes  said,  from  the  office  rates  of  premium,  or  com- 
pounded and  doctored  to  suit  individual  tastes.  However  admirable 
such  a  private  table  may  be,  it  has  two  great  drawbacks :  it  cannot 
inspire  confidence  outside  its  own  birthplace,  and  it  does  not  impose 
a  sufficient  restraint  on  the  fancies  or  the  necessities  of  ingenious 
actuaries.  We  have  in  these  days  a  choice  of  so  many  carefully 
constructed  and  well  developed  tables,  that  there  is  little  if  any 
excuse  for  indulging  a  peculiar  or  exceptional  taste  in  this  matter. 

VOL.  XX.  C 
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And  this  leads  me  to  observe  that,  in  my  humble  opinion, 
the  table  of  mortality  and  the  rate  of  interest  to  be  used  in  a 
valuation  ought  to  be  selected  without  much  reference  to  the  data 
on  which  the  office  rates  of  premium  are  calculated.  There  are 
said  to  be  some  patent  logs  which  will  tell  you  pretty  nearly  how 
far  a  ship  has  sailed,  but  if  you  want  to  know  her  true  position 
you  must  ascertain  her  present  latitude  and  longitude.  A  merchant 
who  is  taking  stock  must  look,  not  to  what  his  goods  have  cost, 
but  to  what,  according  to  his  present  knowledge  and  judgment, 
they  are  now  likely  to  fetch  in  the  market.  A  contractor  who,  in 
the  midst  of  some  great  operation,  the  construction  of  a  railway  or 
a  harbour,  desires  to  know  the  state  of  his  affairs,  will  turn  his 
back  on  the  past,  and  estimate  from  a  fresh  point  of  view  the  outlay 
he  has  yet  to  incur,  and  the  proportion  of  the  contract  price  he 
has  yet  to  receive.  No  actuary,  of  course,  will  approach  a  valuation 
without  having  regard  to  the  data  on  which  the  premiums  have 
been  calculated,  but  these  data  will  be  in  his  opinion  either  sound 
or  unsound,  and  if  he  thinks  them  unsound,  he  will  scarcely 
feel  at  liberty  to  use  them  in  his  valuation,  merely  because  the 
mistake  has  already  been  made  of  using  them  to  calculate  the 
premiums.  He  may  see  good  reason  for  suggesting  an  alteration 
in  the  rates  of  premium,  but  he  will  not  aggravate  any  evil  that 
may  already  have  been  done  by  continuing  the  use  of  false  data. 

At  the  same  time,  it  seems  unwise  to  alter  too  readily  the  basis 
on  which  the  calculations  of  an  office  have  hitherto  been  made. 
It  may  be  said,  Why  not  use  the  very  best  data  you  can  get  at  the 
time?  But  seeing  that  you  cannot  attain  certainty  with  any  of 
them,  if  those  you  have  hitherto  used  are  reasonably  satisfactory, 
there  are  some  advantages  in  avoiding  a  change  which  may  appear 
to  the  public  more  important  and  more  unsettling  than  it  really  is. 
I  observed,  the  other  day,  that  a  London  actuary  mentioned  it  as 
the  practice  of  some  of  the  Scotch  offices  to  use  "check  valuations" : 
it  seems  to  me  a  good  practice,  and  I  have  adopted  it  with  satis- 
faction oftener  than  once.  They  serve  to  check,  in  a  broad  way, 
the  general  accuracy  of  your  calculations,  as  well  as  to  show  the 
precise  effect  of  variations  in  your  tables  of  mortality  and  rate  of 
interest. 

Before  proceeding  to  contrast  the  effects  of  adopting  different 
data,  it  seems  important  to  observe  that,  unless  very  great  mistakes 
are  made  in  this  respect,  and  funds  are  parted  with,  or  fresh  liabili- 
ties are  undertaken  on  the  strength  of  anticipations  never  realized, 
the  prosperity  of  an  office  will  depend,  in  the  long  run,  not  on 
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the  rates  of  mortality  or  of  interest  which  are  used  in  the  calcu- 
lation s,  but  on  the  rates  actually  experienced.  Take,  for  example, 
the  rate  of  interest.  If  4  per-cent  is  actually  earned,  the  amount 
finds  its  way,  year  by  year,  into  the  treasury  of  the  office;  and 
according  as  3  or  4  per-cent  have  been  previously  reckoned  on, 
the  actual  benefits  are  either  enjoyed  after  they  are  earned,  or 
by  anticipation  beforehand;  they  are  certain  to  present  them- 
selves once,  but  can  never  be  enjoyed  twice.  The  longer  the 
interval  between  two  valuations,  the  less  important  do  variations 
of  data  become,  for  they  are  more  equalized  by  the  facts  of  actual 
experience. 

I  have  studied  with  much  interest  certain  tables  presented  by 
Mr.  Valentine  to  the  Institute  in  1874,  founded  on  a  previous 
paper  by  Mr.  Manly.  A  supposititious  office  is  taken,  and  certain 
assumptions  are  made  as  to  the  amount  of  its  business  from 
year  to  year,  the  amount  of  claims,  surrenders,  &c.  Then  the 
liabilities  of  this  office  are  valued  at  successive  quinquennial 
periods,  extending  from  five  years  after  its  birth  to  forty-five  years. 
The  valuations  are  made  according  to  no  fewer  than  twenty-seven 
different  tables  or  combinations  of  tables;  and  the  reserves  brought 
out  as  necessary  to  meet  its  obligations  are  set  down  for  comparison. 
I  do  not  inquire  how  far  this  conjectural  office  has  been  rightly 
constructed.  No  doubt  its  figures  will  differ  from  those  of  any  real 
company,  as  those  of  real  companies  will  differ  from  each  other; 
and  there  is  one  important  deviation  from  the  circumstances  which 
would  be  present  in  the  case  of  most  real  companies — that  there  are 
no  vested  bonuses  to  provide  for.  Still,  a  comparison  of  the  results 
of  these  several  valuations  is  of  much  interest  and  value. 

Of  the  various  tables  of  mortality  employed  by  Mr.  Manly  or 
Mr.  Valentine,  there  are  only  two  with  which  we  need  trouble 
ourselves — the  Carlisle  and  the  Institute's  new  table.  Of  the  two 
tables  prepared  by  the  Institute,  the  HM  and  the  HM5,  I  shall  deal 
with  the  former.  If  an  office  were  to  discontinue  taking  new 
business,  or  if  its  new  business  were  very  limited  in  amount  com- 
pared with  its  old,  there  would  be  strong  reasons  for  using  the 
HM5  table;  but  in  this  paper  I  am  dealing  with  the  case  of  offices 
having  a  certain  amount  of  life  in  them,  and  for  them  the  HM  table 
seems  to  furnish,  on  the  whole  and  overhead,  a  nearer  approximation 
to  a  true  table  than  the  other  would  do. 

In  comparing,  then,  the  reserves  needful  according  to  the 
Carlisle  and  the  H*f  tables,  I  observe,  in  the  first  place,  that  the 
differences  become  gradually  smaller  in  proportion  as  the  office 
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advances  in  age;  and  this  is  the  case  whatever  two  sets  of  tables 
we  contrast  with  each  other.  The  cause  of  this  is  not  far  tq  seek ; 
but  the  fact  is  worth  noting,  although  it  will  no  doubt  be  influenced 
a  good  deal  by  the  rate  at  which  the  business  has  increased.  As 
in  a  human  life,  the  further  it  advances  the  more  important  com- 
paratively do  the  facts  of  the  past  become,  and  the  smaller  become 
the  limits  of  possible  deviation  when  we  forecast  its  future;  so,  as 
an  office  grows  older,  and  its  policies  on  an  average  come  nearer 
their  end,  and  the  provision  laid  up  for  them  grows  larger  and 
larger,  and  the  provision  yet  to  be  made  consequently  less  and  less, 
the  varieties  you  can  indulge  in,  in  estimating  the  future,  come  to 
have  a  decreasing  influence  on  the  general  results.  But,  as  happens 
also  in  a  human  life,  the  age  of  an  office  is  not  always  to  be 
reckoned  in  years.  As  it  grows  older  in  years  it  may  become  more 
youthful  in  constitution.  If  you  take,  for  example,  the  average 
age  of  the  lives  assured,  or  the  average  duration  of  its  existing 
policies,  it  is  possible  to  imagine  an  office  enlarging  its  business  at 
a  rate  which  will  give  a  retrograde  movement  to  these  two  points, 
so  that  at  a  given  date  its  lives  and  its  policies  shall,  one  with 
another,  be  younger  than  they  were  several  years  ago.  This  is  one 
of  the  special  circumstances  about  an  office  which  the  intelligent 
actuary  will  not  lose  sight  of  when  he  determines  on  the  data 
which  he  is  to  use  for  that  office. 

Let  us  now  inquire  what  difference  arises  in  the  estimated 
reserve  out  of  a  difference  in  your  assumption  as  to  interest.  The 
following  table  shows  the  amount  of  reserve  required  (for  Mr. 
Manly' s  fancy  office)  at  the  end  of  10,  20,  30,  and  40  years, 
according  to  the  Carlisle  tables,  and  taking  interest  at  3  per-cent; 
the  difference  in  amount  and  the  percentage  of  difference  when  3| 
and  4  per-cent  are  taken : — 


Years. 
(1) 

Reserve, 
at  3  per-cent. 

(2) 

Difference  in 

amount, 
at  3£  per-cent. 

(3) 

Per-cent 
of  No.  2. 

(4) 

Difference  in 

amount, 
at  4  per-cent. 

(5) 

Per-cent 
of  No.  2. 

(6) 

10 

200,261 

11,313 

5-648 

21,874 

10921 

20 

496,512 

24,368 

4-908 

47,313 

9-529 

30 

744,746 

32,782 

4*401 

63,834 

8-572 

40 

862,122 

35,819 

4-155 

69,838 

8-101 

In  this  supposed  office,  therefore,  to  adopt  at  the  end  of  20 
years  a  3^  per-cent  valuation  instead  of  one  at  3  per-cent,  would 
require  an  addition  of  just  5  per-cent  (4*908)  to  the  amount  of  the 
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reserve,  or  to  change  from  a  3  per-cent  to  a  3|  per-cent  valuation 
would  lessen  the  sum  required  by  5  per-cent.  To  make  a  difference 
of  1  per-cent  in  the  rate  of  interest  would  involve  a  difference  of 
reserve  varying  from  10*92  per-cent  at  10  years  to  8*10  at  40  years. 

The  corresponding  differences  brought  out  in  connection  with 
the  HM  tables  are  not  dissimilar.  Between  3  and  3^  per-cent, 
they  are,  at  10  years,  5*35  per-cent;  20  years,  4*64;  30  years, 
4*15;  and  40  years,  3*91. 

So  much  for  interest  alone.  Taking  now  the  same  rate  of 
interest,  but  a  different  rate  of  mortality,  we  have  the  following 
contrast  between  the  HM  3  per-cent  and  the  Carlisle  3  per-cent 
tables : — 


Years. 

Reserve, 
HM 

3  per-cent. 

Reserve, 
Carlisle 
3  per-cent. 

Difference. 

Percentage 
of 

Difference. 

10 

216,505 

200,261 

16,244 

7-5 

20 

530,818 

496,512 

34,306 

6*46 

30 

791,662 

744,746 

46,916 

5-92 

40 

914,448 

862,122 

52,326 

5*72 

It  will  appear  from  this  that,  so  far  as  this  imaginary  office  is 
concerned,  a  change  in  the  assumed  rate  of  mortality  at  the  end  of 
10  years  would  make  a  difference  of  7\  per-cent  in  the  results,  and 
the  ratio  of  difference  would  diminish,  till  at  40  years  it  was  no  more 
than  5*72.  Thus  the  difference  occasioned  by  this  change  in  the 
rate  of  mortality  is  greater  than  what  a  change  of  one  half  per-cent 
in  the  rate  of  interest  would  occasion,  and  less  than  a  change  of  1 
per-cent  would  occasion. 

The  combinations  which  approximate  most  closely  to  each 
other  are  the  HM  3^  per-cent,  and  the  Carlisle  3  per-cent  table. 
The  following  are  the  reserves  brought  out  on  these  data  respec- 
tively : — 


Years. 

Reserve, 
3£  per-cent. 

Reserve, 
Carlisle 
3  per-cent. 

Difference. 

Percentage 
of 

Difference. 

10 

204,922 

200,261 

4,661 

2-27 

20 

506,152 

496,512 

9,640 

1-9 

30 

758,731 

744,746 

13,985 

1-84 

40 

878,609 

862,122 

16,478 

1-87 

So  far  as  these  calculations  go,  the  two  tables  may  be  regarded 
as  almost  identical  for  practical  purposes,  the  differences  amounting 
only  to  about  2  per-cent. 
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Before  leaving  these  interesting  figures,  for  which  we  are  greatly- 
indebted  to  Messrs.  Manly  and  Valentine,  it  will  be  useful  to 
observe  that  a  change  from  one  set  of  data  to  another  exhausts  its 
importance,  for  the  most  part,  the  first  time  it  is  made.  Let  us 
suppose  that  at  the  end  of  30  years  the  question  arises,  whether, 
valuing  by  the  Carlisle  tables,  the  rate  of  interest  ought  to  be  3 
or  3^  per-cent.  The  difference  in  the  results  is  found  to  amount 
to  £32,782;  that  is,  if  we  change  from  3^  to  3,  we  must  set  aside 
a  larger  sum  by  £32,782  than  we  should  otherwise  have  done,  or 
if  we  change  from  3  to  3^  we  shall  have  this  amount  at  our  disposal. 
But  if  the  change  had  been  made  five  years  earlier  the  difference 
would  have  been  £29,454.  It  is  obvious  that  the  difference  at  30 
years  practically  includes  the  difference  at  25  years,  and  is  not 
additional  to  it.  At  whatever  period  therefore  such  a  change  is 
made,  the  benefit  that  is  sought  for,  whether  of  increased  security 
or  immediate  profit,  is  obtained  once  for  all,  and  a  continuance 
in  the  new  line  adopted  yields  very  little  further  advantage  at 
successive  valuations. 

Having  availed  myself  so  largely  of  the  figures  relating  to  this 
supposititious  office,  I  am  happily  able  in  some  measure  to  illustrate 
and  confirm  them  by  calculations  made  for  a  real  office.  Four 
years  ago  I  had  occasion  to  make  a  periodic  investigation  into  the 
affairs  of  a  company  with  which  I  am  connected,  and  I  had  the 
bulk  of  the  policies,  those  for  the  whole  of  life  at  uniform  rates, 
valued  under  four  different  tables,  Carlisle  3  per-cent,  Carlisle  3|, 
IIM3^,  and  English  life  table  No.  3  with  3  per-cent.  Each  valua- 
tion was  complete  in  itself,  the  net  premiums  for  every  individual 
policy  being  filled  in  according  to  the  tables  used  in  each  valuation. 
The  amount  of  the  policies  so  valued,  after  deducting  reassurances, 
was  close  on  two  millions  sterling.  The  following  were  the  reserves 
brought  out: — 

£ 

Carlisle  3  per-cent       .       .       .       .       .       .       .  357,032 

3£  .......  338,635 

HM       3£    „    359,807 

English  III,  3  per-cent   375,239 

The  difference  under  the  Carlisle  tables  between  3  and  3^  per-cent 
amounted  to  £18,397,  or  5*15  per-cent.  The  difference  between 
Carlisle  3  per-cent  and  an  HM  3£  per-cent  valuation  was  no  more 
than  £2,775,  or  less  than  1  per-cent  ('77).  I  felt  myself  justified 
under  these  circumstances  in  adhering  to  the  data  hitherto  used  by 
the  office,  namely,  the  Carlisle  tables  and  3  per-cent. 

These  valuations,  unlike  those  we  have  been  previously  dealing 


1876.]       made  with  a  view  to  Distribution  of  Profits.  23 

with,  included  vested  bonuses.  This  is  an  element  which  might 
disturb  such  comparisons  as  we  have  been  instituting.  In  valuing 
a  policy  without  bonuses,  the  greater  or  less  value  of  sums  payable 
at  death  according  to  different  data  are  subject  to  modification  by 
a  corresponding  greater  or  less  value  of  annuities,  or  by  the  change 
in  the  net  premiums,  whereas  in  valuing  a  bonus  it  is  only  the 
one  calculation  which  falls  to  be  made.  The  vested  bonuses  in 
the  case  now  under  review  amounted,  after  deducting  reassurances, 
to  .€100,000,  and  the  values  were  as  follows  : — 

Value  of         Value  of  Policies, 
Bonuses,    not  including  Bonuses. 

£  £ 

Carlisle  3  per-cent       .                           58,876  298,156 

„     3£    „             ....       54,729  283,906 

HM       3|    „             ....       55,642  304,165 

English  III,  3  per-cent        .       .       .       60,797  314,442 

It  will  be  seen  that  as  between  the  Carlisle  3  per-cent  and  the 
HM  3J  per-cent  tables,  the  former  required  a  higher  reserve  for 
bonuses,  and  the  latter  for  policies  free  from  bonuses.  When  the 
bonus  element  is  eliminated  from  the  general  results,  the  difference 
between  these  two  tables  is  just  about  2  per-cent,  or  as  nearly  as 
possible  the  difference  which  Mr.  Valentine's  figures  indicate. 

Thinking  it  possible  that  the  effect  of  varying  the  data  might 
be  influenced  by  the  age  of  the  assured,  I  have  valued  separately 
the  policies  of  the  profit  class  in  which  the  lives  had  attained  the 
age  of  61  and  upwards.  The  amount  of  these  with  bonus  additions 
was  £224,600,  and  the  values  were  as  follows  : — 

£ 

Carlisle  3  per-cent   99,545 

„     3£    „  95,818 

IP1       3^    „   100,063 

The  proportions  of  difference  were  still  less  than  those  formerly 
brought  out.  The  values  of  the  bonuses  taken  separately  were 
£22,684,  £21,600,  and  £22,033 .* 

*  Since  the  above  was  written,  another  periodical  investigation  has  been  made 
into  the  affairs  of  the  office  in  question,  and  its  whole-life  policies  at  uniform  rates 
of  premium  have  again  been  subjected  to  three  distinct  and  complete  valuations, 
according  to  the  Carlisle  3  per-cent,  Carlisle  3^  per-cent,  and  HM  3^  per-cent 
tables.  The  policies  and  vested  bonuses  thus  valued,  amounted  to  £3,160,233, 
and  the  values  were  as  follows: — 

£ 

Carlisle  3  per-cent   589,105 

„     3^    „   557,915 

HM       3£    „    591,806 

The  difference  therefore  between  a  Carlisle  3  per-cent  and  a  Carlisle  3^  per-cent 
valuation  was  only  5 '62  per-cent  of  the  former,  and  between  a  Carlisle  3  per-cent 
and  an  HM  3£  per-cent  valuation  only  *45  per-cent  of  the  former.  When  sums 
reassured  were  taken  into  account,  the  two  last  named  valuations  brought  out  final 
results  almost  identical,  the  difference  being  only  '10  per-cent. 
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I  may  add  here  one  or  two  other  sets  of  figures  which  have 
come  under  my  notice,  confirmatory  of  those  already  given.  Some 
years  ago  a  large  office,  whose  obligations  amounted  to  ten  millions, 
reported  that  between  a  valuation  at  3,  and  one  at  3^  per-cent 
(both  Carlisle),  there  was  a  difference  in  result  of  £132,164,  equal 
to  4*94  per-cent  of  the  larger  sum.  In  the  case  of  another  office, 
much  younger  and  smaller,  the  difference  was  so  much  as  6*39 
per-cent. 

II — The  Rate  of  Interest, 

I  shall  have  occasion  to  say  little  as  to  the  rate  of  interest, 
beyond  what  has  necessarily  been3  said  in  connection  with  the  tables 
of  mortality.  Some  years  ago  I  had  the  honour  of  reading  a  paper 
to  this  Society,  specially  directed  to  the  considerations  which  ought 
to  guide  an  actuary  in  fixing  on  a  rate  of  interest  to  be  used  in  his 
calculations.  It  is  only  needful  at  present  to  recal  such  consider- 
ations as  these: — that  the  question  is  not  what  interest  has  been 
earned  in  the  past,  but  what  may  be  looked  for  in  the  future;  that 
past  earnings  are  only  an  element  in  the  estimate  of  the  future, 
and  that  consequently  it  is  not  of  itself  any  conclusive  argument 
for  a  given  rate,  that  it  has  been  earned  or  has  even  been  exceeded 
in  the  past,  unless  it  can  also  be  shown  that  it  may  be  expected  to 
continue;  that  the  estimate  has  to  be  formed  for  very  long  periods 
of  time  to  come,  stretching  not  merely  to  the  average  duration  of 
lives,  still  less  of  policies,  but  to  the  utmost  possible  limit  of  their 
duration;  that  the  probable  value  of  money  in  the  future  is  a 
problem  of  the  greatest  uncertainty  among  financiers  and  political 
economists,  but  that  so  far  as  appearances  go,  the  present  tendency 
is  towards  a  reduction  in  the  earning  power  of  money  invested 
with  the  degree  of  safety  and  with  the  sense  of  safety  which  ought 
to  attach  to  the  investments  of  an  assurance  office;  and  finally, 
that  the  adoption  of  any  given  rate  in  our  calculations,  assumes 
that  every  premium  will  be  invested  at  that  rate  on  the  day  it 
becomes  due,  and  that  each  year's  interest  will  be  similarly  invested, 
and  that  there  will  be  no  expense  or  loss  through  the  investments, 
all  of  which  assumptions  are  too  favourable  when  compared  with 
the  facts.  The  result  of  such  considerations  manifestly  is,  that  the 
rate  of  interest  to  be  adopted  in  estimating  the  liabilities  of  a  life 
office  ought  to  be  amply  within  the  limits  of  the  probable,  or  that 
if  it  approaches  these  limits  nearly,  there  ought  to  be  sufficient 
margin  somewhere  to  guard  against  disappointment  in  this 
particular. 
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III — The  Loading. 

I  come  now  to  what  is  by  far  the  most  important  question  con- 
nected with  a  valuation,  namely,  how  to  deal  with  the  loadings. 
It  has  long  been  my  conviction  that,  if  there  is  any  one  cause  to 
be  blamed  rather  than  another  for  the  mischief  that  has  arisen  from 
such  failures  as  those  of  the  Albert  and  European  companies  and 
their  allies,  it  is  an  erroneous  method  of  handling  loadings.  No 
doubt  there  have  often  been  rash  and  wasteful  expenditure,  a  facile 
acceptance  of  offered  transactions,  insecure  investments,  and  other 
features  of  bad  management,  but  in  almost  every  case  of  failure 
these  have  been  encouraged,  and  their  ruinous  effects  concealed  and 
ultimately  aggravated,  by  a  system  of  valuing  gross  premiums, 
which  has  deluded  all  parties  concerned  with  the  appearance  of 
resources  that  had  no  real  existence. 

I  remember  very  well,  when  I  was  introduced  to  these  questions 
by  my  most  valued  predecessor,  Mr.  Ivory,  that  my  first  impres- 
sions were  in  favour  of  estimating  the  value  of  the  premiums  we 
actually  expected  to  receive.  It  struck  me  as  unnatural,  that 
where  we  were  to  receive  <£25  a  year  from  a  policy  so  long  as  it 
endured,  we  should  reckon  only  on  receiving  £20.  But  I  soon 
came  to  see  the  true  principle,  and  I  have  never  since  wavered  in 
opinion  as  to  the  great  danger  which  attends  a  departure  from  a 
valuation  of  net  or  pure  premiums. 

I  have  already  referred  to  the  intimate  connection  between  the 
two  processes  of  calculating  the  rate  of  premium  and  valuing  the 
policy,  and  here  it  is  necessary  to  revert  to  the  former  process. 
How  is  the  premium  constructed?  Of  what  is  it  composed?  There 
are,  of  course,  the  same  three  elements  in  it  as  in  the  valuation 
process, — mortality,  interest,  and  loading.  Assuming,  as  we  are 
bound  to  do,  that  the  calculation  is  made  with  some  approach  to 
correctness  of  principle,  obviously  the  pure  premium  provides  for 
the  risk  run  on  a  reasonable  assumption  as  to  mortality  and  interest. 
Why,  then,  is  the  loading  added?  For  expenses,  contingencies, 
and  profit.  The  need  of  an  addition  for  expenses  is  obvious;  the 
addition  for  contingencies  and  profit  may  not  be  so  much  a  neces- 
sity.   Let  us  look  at  them  separately. 

First,  as  to  the  part  of  the  loading  intended  to  provide  for 
expenses,  the  modes  of  dealing  with  it,  when  we  come  to  value, 
have  been  the  subject  of  two  important  papers  contributed  recently 
by  Mr.  Sprague  and  Mr.  Deuchar,  and  of  a  discussion  in  the 
Institute  of  Actuaries.  Attention  has  been  drawn  to  the  unques- 
tionable fact,  that  the  expenses  chargeable  against  a  policy  come 
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upon  it  in  an  unequal  manner,  with  an  excessive  force  in  the  first 
year  and  a  mitigated  force  ever  after.  But  the  provision  for  these 
expenses  is  made  in  the  form  of  a  uniform  addition  to  the  pure 
premium.  The  two  portions  of  the  premium — that  which  provides 
for  the  risk  and  that  which  provides  for  the  costs — are  both,  for 
convenience  sake,  made  uniform  throughout  the  whole  endurance 
of  the  policy;  but  in  the  one  case  too  much  is  charged  at  first,  and 
in  the  other  case  too  little.  As  the  valuation  corrects  the  one 
error,  so  it  may  the  other.  It  ascertains  how  much  of  the  over- 
payment for  risk  ought  to  be  reserved  against  the  time  when  the 
current  risk,  having  increased  with  the  age  of  the  assured,  will  be 
insufficiently  met  by  the  still  uniform  premiums;  in  like  manner 
it  may  determine  how  much  of  the  over-provision  for  future 
expenses  may  be  at  once  appropriated  to  meet  the  excess  of  the 
first  year's  costs. 

It  has  even  been  suggested  that  a  table  of  premiums  might  be 
constructed  on  this  principle,  which  would  yet  differ  in  no  outward 
respect  from  any  ordinary  table.  Suppose  that  an  assurance  effected 
at  age  x  were  treated  as  one  to  commence  a  year  hence,  at  age  x  + 1. 
The  premium  is  calculated  for  age  x  +  1,  and  suitably  loaded  for 
cosUs.  But  what  of  the  intervening  year?  You  have  a  one  year's 
assurance  to  provide  for,  the  net  premium  for  which  is  of  course 
comparatively  small,  and  will  admit  of  a  very  heavy  loading  before 
it  comes  up  to  the  amount  of  the  whole-life  rate  for  age  x+1  with 
its  loading.  It  is  plain  that  calculations  made  on  this  principle 
might  be  so  adjusted  that  the  rate  for  the  first  year,  with  its  heavy 
loading,  would  be  exactly  the  same  as  the  rate  for  future  years, 
with  its  lighter  loading;  and  that  this  uniform  rate,  though  calcu- 
lated for  age  x  +  \>  need  not  be  different  from  what  on  the  more 
usual  system  would  be  charged  at  age  If  this  could  be  done  in 
constructing  the  premium,  and  done  with  a  reasonable  regard  to 
principle,  it  would  be  equally  easy  and  legitimate,  when  we  come 
to  a  valuation,  to  apply  the  corresponding  analytic  process,  and 
produce  identically  the  same  result.  That  result  would  simply  be, 
that  a  smaller  proportion  of  each  actual  premium  would  be  reserved 
for  future  expenses  than  under  the  ordinary  net  premium  valuation 
plan,  and  yet  the  system  might  be  described,  with  some  degree  of 
truth,  as  a  net  premium  valuation. 

*  This  plan  might  be  carried  the  length  of  dividing  the  transaction  into  a  term 
assurance  for  t  years  and  a  whole  life  assurance  deferred  for  t  years.    The  limit 
of  t  would  he  found  in  this,  that  the  premium  calculated  for  age  x  +  t,  with  the 
loading  required  for  expenses  and  contingencies  still  future,  would  require  to 
not  greater  than  the  public  would  pay  at  age  x. 
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I  cannot  say  that  I  see  much  to  object  to  in  these  theories;  and 
if  the  question  of  the  solvency  or  insolvency  of  an  office  turned  on 
the  application  of  them,  I  should  not  hesitate  to  apply  them.  They 
have,  at  all  events,  done  good  service  in  exposing  a  fallacy,  which 
has  received  encouragement  from  the  Board  of  Trade,  and  from 
other  quarters,  from  which  more  correct  views  might  have  been 
expected.  In  those  comparisons  between  office  and  office,  which, 
unfortunately,  it  has  been  the  fashion  to  make  of  late  years,  the 
question  has  been  raised  as  to  the  relative  extravagance  or  economy 
with  which  different  offices  conduct  their  business.  An  uninformed 
public  may  be  excused  for  adopting  the  readiest  method  of  com- 
parison which  comes  to  hand.  Very  modest  arithmetical  acquire- 
ments will  enable  anyone,  by  a  sum  in  simple  proportion,  to  reckon 
wrhat  percentage  each  society's  expenditure  bears  to  its  premium 
income.  But  those  who  desire,  by  a  scientific  treatment  of  such 
questions,  to  arrive  at  the  simple  truth,  will  perceive  that  gross 
injustice  may  be  done,  and  false  conclusions  supported,  by  such 
rough  comparisons.  The  share  of  a  company's  whole  expenses 
which  belongs  to  each  policy,  may,  for  convenience  sake,  be  pro- 
vided for  by  a  uniform  loading,  but  its  real  incidence  is  not  uniform. 
The  uniformity  of  that  portion  of  the  premium  which  provides  for 
the  sum  assured  does  not,  to  the  actuary,  indicate  any  uniformity 
in  the  risk  run,  or  in  the  portion  of  each  year's  premium  to  be 
reserved;  nor  ought  the  uniformity  of  the  loading  to  conceal 
from  an  actuary  the  inequality  with  which  the  expenses  are  justly 
chargeable  against  each  year's  premiums.  As  matter  of  fact,  the 
costs  of  an  office  consist  of  a  heavy  ratio  of  expense  applicable  to 
new  policies,  and  a  comparatively  small  ratio  applicable  to  older 
policies.  No  comparison  of  office  with  office  can  be  scientific 
or  fair  that  does  not  recognize  this  distinction,  and  break  down 
premiums  and  expenses  alike  into  their  component  parts,  so 
as  to  answer  the  questions,  at  what  ratio  of  cost  to  premiums 
is  new  business  obtained,  and  at  what  other  ratio  is  old  business 
conducted. 

There  is  a  good  deal  to  be  said,  therefore,  against  reserving  the 
whole  of  the  loading,  which  has  been  added  for  expenses,  when  a 
disproportionate  part  of  these  expenses  has  been  already  incurred 
and  paid.  For  all  that,  it  seems  extremely  undesirable  for  an  office, 
valuing  with  a  view  to  a  division  of  profits,  to  avail  itself  of  this 
process.  But  before  going  further  into  the  question,  let  us  look 
for  a  moment  at  those  portions  of  the  loading,  if  any,  which  are 
added  for  contingencies  and  with  a  view  to  profits. 
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An  addition  made  to  a  net  premium  to  provide  against  contin- 
gencies, infers  an  acknowledgment  that  there  are  contingencies  to 
be  provided  against;  and  what  has  been  said  as  to  the  impossibility 
of  measuring  exactly  beforehand  either  rates  of  mortality  or  rates 
of  interest,  will  have  indicated  some  of  the  sources  of  these  con- 
tingencies. But  in  any  view  it  seems  a  manifest  absurdity  to 
provide  for  possible  losses  or  disappointments,  and  then  at  once  to 
reckon  the  provision  so  made  as  an  asset  capable  of  immediate 
appropriation  and  distribution. 

Whether  it  is  a  good  and  wise  thing  to  provide  in  part  for 
future  bonuses  by  an  addition  to  the  net  premiums,  made  deliberately 
with  this  object,  is  a  question  a  little  beyond  the  scope  of  this 
paper.  But  certainly  no  good  reason  could  be  assigned  for  this 
procedure,  if  the  addition  were  at  once  to  be  converted  into  a 
present  asset. 

It  is  difficult  therefore  to  see  a  plausible  reason  for  valuing  any 
part  of  the  loadings  with  a  view  to  creating  or  increasing  a  surplus 
for  immediate  distribution,  except  it  be  a  part  of  the  addition  made 
for  expenses.  There  is  much  to  be  said,  however,  against  valuing 
a  jot  more  than  the  net  premium.  Any  ease  or  benefit  to  be  got 
is  confined  to  the  first  valuation  occurring  after  a  policy  is  issued, 
and  there  is  introduced  into  our  valuation  an  element  that  is 
undefined  and  arbitrary.  The  immense  importance  of  the  question 
will  be  seen  from  the  following  illustration. 

I  gave  you,  some  time  ago,  the  results  of  an  actual  valuation 
made  under  different  tables  of  mortality  and  at  different  rates  of 
interest.  We  found  that  to  value  by  the  Carlisle  tables,  a  differ- 
ence of  one  half  per-cent  on  the  rate  of  interest  made  a  difference 
in  the  results  of  £18,400,  equal  to  5*15  per-cent  of  the  net  reserve; 
and  of  two  valuations,  both  made  at  3J  per-cent,  but  one  according 
to  the  HM  and  the  other  according  to  the  Carlisle  tables,  the  dif- 
ference was  £21,170,  or  5*88  per-cent.  But  the  value  of  the  net 
premiums  in  that  case  (Carlisle  3  per-cent)  was  £680,000.  To 
have  valued  no  more  than  5  per-cent  of  the  loading  would  have 
diminished  the  reserve  by  £34,000,  or  9*52  per-cent.  In  that 
case,  therefore,  an  encroachment  to  the  extent  of  5  per-cent  on  the 
loadings  would  have  made  nearly  twice  as  much  difference  in  the 
result  as  a  change  from  3  to  3|  per-cent,  or  from  the  HM  to  the 
Carlisle  tables.  The  comparative  effects  would  vary  with  the  age 
of  an  office,  but  valuing  the  loading  tells  most,  and  is  therefore 
most  dangerous,  when  an  office  is  young,  and  when  there  is  most 
temptation  to  keep  down  the  amount  of  the  reserve. 
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If  we  entertain  the  notion  of  valuing  and  appropriating  any 
part  of  the  loading,  at  what  point  are  we  to  stop  ?  If  we  find  that 
taking  five  per-cent  of  the  loading  into  account  does  not  produce 
the  amount  of  bonus  we  have  set  our  hearts  on,  there  is  a  manifest 
temptation  to  take  more,  and  there  is  no  well-defined  landmark  to 
stop  us  till  we  arrive  at  the  gross  premium.  One  effect  of  such  a 
system  is  to  produce  negative  values.  The  unsoundness  and  danger 
of  these  have  been  ably  pointed  out  in  a  recent  paper  by  a  member 
of  this  Society,  and  I  need  not  dwell  on  them  further  than  to  say 
that  the  condemnation  which  negative  values  justly  receive  is  really 
deserved  by  the  process  which  evolves  them.  When  that  process 
brings  out  a  negative  value,  its  erroneous  character  can  be  under- 
stood by  any  ordinary  man  of  business;  but  the  process  is  scarcely 
less  at  fault  when  it  ends  in  an  insufficient  positive  value.  The 
error  may  not  be  so  glaring,  bat  it  is  little  less  mischievous. 

I  may  notice  here  a  method  of  valuing  which,  in  effect,  includes 
in  the  assets  a  portion  of  the  loadings,  although  it  is  sometimes 
very  erroneously  described  as  a  net  valuation.  The  office  premiums, 
we  shall  suppose,  are  on  a  3  per-cent  basis,  the  valuation  is  made 
at  3£  per-cent,  but  the  pure  premium  at  3  per-cent  is  multiplied 
by  the  value  of  an  annuity  at  3£  per-cent.  A  little  consideration 
will  show  that  a  valuation  is  not  correctly  made  under  any  given 
table,  unless  all  the  elements  of  it — premium,  assurance  values, 
and  annuity  values — are  equally  derived  from  that  table.  A  pure 
premium  at  3  per-cent  is  equal  to  a  pure  premium  at  3|  per-cent 
loaded,  and  to  include  the  former  in  a  valuation  made  otherwise  at 
3^  per-cent  is  to  value  a  portion  of  the  loading.  In  the  actual 
valuation  to  which  I  have  more  than  once  referred,  the  pure  pre- 
miums at  3  per-cent  amounted  to  £47,000,  and  at  3^  per-cent  to 
.£45,000,  so  that  the  former  was  equal  to  the  latter  with  a  loading 
of  4*44  per-cent. 

Not  many  actuaries  will  be  found  who  would  approve  of  the 
whole  loading  being  valued,  or  even  any  very  large  portion  of  it, 
in  order  to  distribute  as  realized  profits  the  so-called  surplus  which 
might  be  brought  out  by  the  process.  But  actuaries  of  some 
reputation  are  of  opinion  that,  even  when  no  part  of  the  loading 
is  to  be  reckoned  on  in  calculating  the  divisible  profits,  the  whole 
of  it  ought  to  be  valued  and  brought  into  account,  not  to  be 
divided,  but  to  be  set  aside  as  a  reserve  fund.  The  form  of  the 
schedules  of  the  Life  Assurance  Companies  Act  of  1870  rather 
favours  this  view,  as  they  appear  to  call  for  the  value  of  the  gross 
premiums  imperatively,  but  to  ask  for  the  value  of  the  net  premiums 
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only  "  if  computed."  While  the  Act  was  being  passed,  I  tried  to 
induce  some  members  of  the  profession  to  get  this  altered,  but 
unsuccessfully.  I  take  this  opportunity  of  recording  my  protest 
against  the  system. 

Two  reasons  have  sometimes  been  given  for  the  practice  now 
under  consideration.  It  is  said,  that  to  exhibit  the  value  of  the 
actual  premiums  receivable  is  to  be  consistent  with  fact,  and  that 
the  surplus  thus  established  is  a  real  surplus,  though  not  imme- 
diately available.  This  argument  seems  to  me  to  involve  an  actuarial 
mistake.  In  a  valuation,  we  are  engaged  in  estimating  the  future 
liabilities  and  the  future  assets  of  an  office,  and  setting  the  one 
against  the  other  in  order  to  a  balance  with  the  realized  assets. 
Now  there  are  four  elements  in  this  computation: — (1)  the  sum 
assured;  (2)  the  portion  of  the  actual  premiums  intended  to  pro- 
vide for  the  sum  assured;  (3)  the  remainder  of  the  premium, 
i.e.,  the  loading;  and  (4)  the  expenses,  contingencies,  and  future 
profits,  which  the  loading  is  intended  to  provide  for.  The  actuary 
reduces  to  definite  figures  his  estimate  of  the  present  equivalent 
of  three  of  these  elements,  but  he  leaves  the  fourth  out  of  view. 
If  he  makes  one  side  of  the  equation  matter  of  definite  account,  he 
is  surely  bound  to  deal  in  the  same  way  with  the  other.  He 
might  almost  as  reasonably  value  the  pure  premiums  and  leave  out 
the  values  of  the  sums  assured,  as  value  the  loadings  and  leave 
out  all  estimate  of  the  liabilities  and  contingencies  which  they  may 
be  required  to  meet. 

If,  for  any  purpose,  we  value  the  total  future  premiums, 
including  alike  what  is  intended  to  provide  for  sums  assured  and 
for  expenses,  contingencies,  and  profits,  we  are  bound  in  valuing  the 
liabilities  to  take  the  same  elements  into  account.  If  we  load  the 
premiums  and  value  the  loading,  we  ought  to  load  the  sums  assured 
and  value  that  loading  also.  The  desired  result  might  thus  be 
arrived  at  by  adding  10  or  20  per-cent,  or  any  other  proportion  that 
might  be  thought  needful,  to  the  value  of  the  company's  liabilities; 
but  it  is  a  sounder  plan,  in  my  opinion,  as  matter  of  principle,  and 
more  convenient  in  practice,  to  omit  from  both  sides  the  values  of 
these  contingent  additions  to  assets  and  liabilities,  and  exhibit 
simply  the  value  of  the  sums  assured  (with  the  already  vested 
bonuses),  and  the  value  of  the  pure  premiums  intended  to  provide 
for  the  sums  assured. 

There  is  a  subtle  element  of  uncertainty  in  the  value  of  loadings, 
which  does  not  apply  to  the  value  of  the  pure  premium,  owing  to 
the  contingency  of  a  policy  not  being  kept  up;  but  where  the 
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gross  premium  is  valued,  both  portions  of  it  are  reckoned  on  with 
the  same  confidence. 

It  is  sometimes  argued  that  if  pure  premiums  alone  are  valued, 
an  office  with  high  rates  and  one  with  low  rates  will  show  the 
same  results.  Thus,  if  the  Carlisle  tables  and  3  per-cent  are 
the  data,  and  the  rates  of  both  offices  are  founded  on  these  data, 
but  one  has  a  loading  of  5  and  the  other  of  25  per-cent,  the 
estimate  of  their  future  receipts  will  be  the  same.  No  doubt  it 
will  be,  but  there  will  be  two  very  important  differences,  not  likely 
to  escape  observation.  One  office  will,  cceteris  paribus,  have  a 
larger  realized  fund  than  the  other;  and  its  larger  provision  for 
the  future  may  be  made  abundantly  manifest,  though  it  is  not 
reduced  to  precise  figures. 

I  need  scarcely  notice  another  argument,  for  it  would  have  no 
bearing  on  a  valuation  made  for  division  of  profits.  It  is  said  that 
the  actual  premiums  of  an  office  might  be  less  than  the  net  rates 
of  the  table  by  which  you  were  valuing.  If  you  value,  as  you  will 
certainly  do  in  these  circumstances,  on  data  which  come  as  close 
to  the  verge  of  safety  as  you  can  venture  to  go,  and  the  actual 
premiums  charged  by  the  office  are  lower  than  the  net  premium 
which  even  these  data  would  bring  out,  the  object  of  the  valuation 
can  have  no  reference  to  profits,  or  even  to  solvency.  So  excep- 
tional a  case,  if  there  ever  should  be  one,  may  be  left  for  exceptional 
treatment.  That  it  sometimes  occurs  in  America,  as  it  is  said  to 
do,  under  State  regulations,  is  a  condemnation  either  of  the  rates 
of  premium  or  of  the  enforced  data  of  valuation,  or  of  both. 

When  a  gross  valuation  is  set  forth  in  the  accounts  of  an  office, 
the  actuary's  report  comes  to  be  in  some  such  terms  as  these, — 
that  he  estimates  the  liabilities  of  the  office  at  so  much,  its  assets, 
realized  and  contingent,  at  so  much,  that  consequently  the  surplus 
is  so  much,  but  that  as  that  surplus  is  subject  to  reduction  for  future 
expenses  and  contingencies  (perhaps  a  convenient  "fee."  is  intro- 
duced to  indicate  future  bonuses)  the  whole  of  the  surplus  is  not 
available  for  immediate  distribution,  but  that  he  estimates  that 
such  and  such  a  sum  (perhaps  about  a  fifth  of  the  gross  surplus)  is 
available,  and  it  is  recommended  for  division,  and  that  the  balance 
ought  to  be  held  over  as  a  reserve. 

The  objections  to  this  system  are — 

1.  It  presents  the  actuary  as  a  sort  of  conjuror,  or  "  medicine 
man",  who  distinguishes  between  what  part  of  a  surplus  may 
and  what  may  not  be  divided,  either  arbitrarily,  or  according  to 
some  occult  rule  which  he  is  unable  or  unwilling  to  explain 


32     The  Principles  to  be  observed  in  Life  Office  Valuations  [Oct. 

to  ordinary  men  of  business.  The  days  are  gone  by  when  men 
can  command  respect  by  being  mysterious,  and,  in  my  humble 
opinion,  actuaries  will  find  it  to  their  advantage  to  carry  the  public 
with  them,  as  far  as  possible,  in  their  processes.  Few  persons  may 
be  able  to  understand  how  a  surplus  has  been  ascertained  which 
you  recommend  for  division,  they  will  take  it  on  your  word;  but 
to  accept  on  your  authority  the  existence  of  a  surplus,  only  a 
small  portion  of  which  you  recommend  as  safe  for  division,  seems 
to  demand  a  larger  faith. 

2.  The  indefiniteness  of  the  line  which  is  to  divide  the  so-called 
surplus  into  two  portions,  divisible  profits  and  reserve,  and  the 
circumstance  of  the  actuary  not  being  committed  to  a  distinct 
principle  in  drawing  it,  offer  a  great  temptation  to  himself  to 
stretch  it,  where  his  own  interest  or  ambition,  or  the  pressure  of 
other  influences,  suggests  such  a  course. 

3.  Supposing  the  actuary  to  be  conscientious  and  firm,  there  is 
yet  great  reason  to  avoid  dangling  before  directors  and  shareholders 
and  the  assured  a  larger  apparent  surplus  than  it  would  be  safe 
practically  to  deal  with.  You  may  tell  them  that  it  is  imprudent 
to  touch  more  than  a  portion  of  it,  but  the  surplus  is  there  on 
your  high  authority,  set  down  in  precise  figures,  even  to  the  pence. 
It  is  difficult  for  them  to  reconcile  this  precision  of  statement  with 
the  unsubstantial  character  which  practically  you  desire  to  assign 
to  it.  The  reserve  you  wish  to  establish  for  future  expenses  and 
contingencies  will  seem  far  too  large,  especially  as  new  business 
may  be  trusted  to  bear  its  own  charges.  In  short,  your  skill  as 
an  actuary,  which  has  elicited  the  existence  of  this  large  surplus,  is 
more  to  be  trusted  than  that  over-caution,  which  would  reserve  it 
for  the  enjoyment  of  others  than  those  present  shareholders  or 
policyholders  to  whom  alone  it  seems  justly  to  belong.  Arguments 
like  these  are  employed  to  support  an  immediate  appropriation  of 
this  supposed  surplus,  and  all  you  have  to  set  against  them  is  what 
seems  an  arbitrary,  empyrical,  and  fanciful  distinction.  All  who 
are  acquainted  with  the  history  of  life  offices  know  how  often  such 
arguments  have  been  used,  how  much  trouble  they  have  given 
when  they  have  been  successfully  resisted,  and  how  often  and  how 
mischievously  they  have  prevailed,  sometimes  by  leading  to  actual 
encroachment  on  the  surplus,  in  other  cases  by  encouraging 
sanguine  and  extravagant  management. 

4.  The  use  of  this  method  of  valuation  by  sound  offices,  which 
might  themselves  resist  all  temptation  to  the  abuse  of  it,  would 
sanction  and  encourage  its  use  by  offices  of  a  different  description. 
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You  challenge  the  position  of  an  office,  and  its  conductors  answer 
you  somewhat  in  this  way,  "We  have  made  our  valuation  by 
the  Carlisle  tables,  the  majority  of  offices  do  the  same;  we  have 
assumed  4  per-cent  interest,  we  are  not  without  good  authorities 
for  that;  we  have  valued  our  gross  premiums;  some  first-class 
offices  do  so.  It  is  true  they  are  so  fortunate  as  to  show  a  large 
surplus;  our  surplus  is  very  small,  but  if  we  make  both  ends 
meet,  if  our  liabilities  and  assets  balance  each  other  on  principles 
of  valuation  which  have  so  high  a  sanction,  we  are  content  to  wait 
for  surpluses  and  profits,  and  who,  in  the  meantime,  dare  question 
our  present  solvency?"  And  yet,  as  most  actuaries  will  admit, 
an  office  in  such  circumstances  may  be  almost  hopelessly  insolvent. 

As  I  have  already  said,  I  believe  that  very  great  mischief  has 
been  done  by  this  practice  of  gross  valuations.  Suggestions  have 
been  made  that  the  legislature  should  restrain  it  in  some  way,  as, 
for  example,  wherever  it  produces  negative  values.  An  easier  and 
more  effective  method  of  preventing  such  mischief  would  be  found 
if  leading  actuaries  were  to  agree  that  the  basis,  at  all  events,  of  all 
investigations  into  the  condition  of  life  offices  ought  to  be  a  net 
valuation.  If  the  valuation  is  required  for  other  purposes  than 
that  which  in  the  present  paper  I  have  had  in  view,  the  distribution 
of  profits,  it  will  be  an  easy  thing  to  modify  the  process  so  as  to 
adapt  it  to  the  object  then  in  view. 

I  have  not  hitherto  referred  to  the  case  of  policies  for  which 
the  consideration  has  been  received  in  the  form  of  a  single  pay- 
ment at  the  outset,  or  of  a  yearly  payment  to  endure  for  five,  ten, 
or  other  limited  number  of  years,  nor  to  the  case  of  endowment 
assurances,  or  others  of  special  character.  These  form,  in  most 
offices,  a  comparatively  small  proportion  of  the  whole  business,  but, 
small  or  great,  their  case  demands  more  consideration  than  I  am 
able,  at  so  late  a  stage  of  this  paper,  to  give  it.  Each  class  will  be 
dealt  with  by  the  discriminating  actuary  according  to  its  own 
circumstances.  I  will  only  give  one  case,  as  an  illustration  of  the 
sort  of  questions  which  may  arise.  When  a  policy  issued  in  respect 
of  a  single  payment  comes  to  be  valued,  there  are,  of  course,  no 
future  premiums  to  be  taken  into  view,  as  to  which  any  question  of 
gross  or  net  can  arise.  If  the  sum  assured  be  valued  at  the  net 
rate  of  the  table  on  which  the  premium  was  based,  no  reserve  will 
be  made  for  any  future  expenses  or  contingencies,  and  the  value  of 
any  loading,  which  may  have  been  put  on  expressly  for  future 
profits,  will  be  at  once  appropriated.  So  far  as  expenses  are  con- 
cerned, the  future  demands  of  this  particular  policy  need  scarcely 
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be  regarded.  Still,  it  seems  inconsistent  with  sound  principle  to 
make  no  reserve  whatever  in  such  a  case,  for  future  expenses  con- 
tingencies or  bonuses.  The  plan  which  I  have  generally  adopted 
has  been  to  convert  the  original  loading  into  an  equivalent  annuity, 
and  to  value  that  annuity  from  time  to  time  according  to  the 
increasing  age  of  the  assured,  and  to  add  the  value  of  this  annuity 
to  the  value  of  the  original  sum  assured  in  estimating  the  reserve 
required  for  this  policy.  T  have  dealt  in  a  corresponding  way  with 
policies  carrying  five  or  ten  yearly  payments,  but,  except  for  the 
pleasure  of  adhering  to  sound  principle,  such  refinements  might 
be  disregarded,  on  the  principle  de  minimis  non  curat  lex. 

I  ventured  to  suggest,  at  the  outset,  that  this  subject  might  be 
made  intelligible  to  ordinary  men  of  business,  and  I  see  no  reason 
why  it  should  not  be.  Yet  there  can  be  no  doubt  that,  even  among 
persons  greatly  interested  in  the  safety  and  prosperity  of  life  offices, 
not  one  man  in  a  thousand,  outside  of  the  actuarial  profession,  will 
ever  take  the  trouble  of  mastering  these  subjects,  so  as  to  command 
the  bearings  of  the  various  points  which  are  habitually  present  to 
the  mind  of  an  actuary.  It  is  on  the  actuary,  therefore,  that  the 
responsibility  will  always  devolve  of  guiding  the  public  in  these 
matters.  It  is  a  very  grave  responsibility;  for  upon  the  success  or 
failure  of  one  insurance  office  may  depend  the  poverty  or  comfort 
of  thousands  of  families.  Of  the  duties  which  fall  upon  an  actuary, 
none,  perhaps,  approaches  in  importance  the  valuation  of  the  liabi- 
lities of  a  life  office.  Besides  the  largeness  in  general  of  the  sums 
he  has  to  deal  with,  and  the  number  of  persons  interested  in  the 
result,  there  is  no  part  of  his  work  which  makes  greater  demands 
on  his  professional  skill  and  knowledge ;  nor  is  there  any  that 
needs  a  more  rigorous  conscientiousness,  or  a  greater  watchfulness 
against  subtle  forms  of  self-seeking. 

But  great  as  is  the  importance  of  right  principles  being  adopted 
in  such  valuations,  it  ought  never  to  be  lost  sight  of  that,  for  the 
most  part,  the  prosperity  of  an  office  depends  ultimately  on  the 
successful  accumulation  of  its  funds.  No  doubt  an  erroneous 
estimate  of  liabilities  may  lead  to  an  undue  enlargement  of  them, 
or  to  an  undue  expenditure;  but  where  policies  are  only  issued  at 
adequate  rates,  and  where  the  funds  are  laid  out  only  on  safe 
investments,  and  where  the  expenses  are  moderate  in  proportion  to 
the  results  obtained,  there  is  comparatively  little  risk  of  an  office 
being  ruined  through  false  principles  of  valuation. 
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On  the  Mortality  among  Innkeepers,  Publicans,  and  other  Persons 
engaged  in  the  Sale  of  Intoxicating  Liquors,  —  being  the 
Experience  of  the  Scottish  Amicable  Life  Assurance  Society 
during  Fifty  Years,  1826-1876.  By  John  Stott,  F.S.S., 
fyc,  Manager  of  the  Society. 

The  influence  of  Occupation  upon  health  and  longevity,  is,  I 
think,  a  subject  deserving  of  even  more  attention  than  has  hitherto 
been  given  to  it  by  the  Actuarial  and  Medical  Professions.  As  the 
benefits  conferred  by  Life  Assurance  are  now  almost  universally 
recognized,  they  are  being  taken  advantage  of  by  classes  of  the  com- 
munity which,  until  the  last  few  years,  did  not  seem  fully  to  appre- 
ciate them.  It  is  therefore  of  no  little  consequence  to  have,  as  far 
as  possible,  a  clear  understanding  of  the  relative  risks  attaching  to 
different  occupations  and  to  the  various  branches  of  industry. 

The  Registrar-General,  in  his  Fourteenth  Annual  Report,  gave 
a  Table  showing  the  mortality  per-cent  in  twelve  distinctly  defined 
Occupations,  occurring  in  the  year  1851.  For  the  sake  of  reference 
it  is  here  inserted : — 

Table  showing  the  percentage  of  Mortality,  during  the  year  1851,  in 

the  following  Occupations. 


Ages. 

Occupations. 

25-35 

35-45 

45-55 

55-65 

65-75 

75  and 
above. 

1.  Farmers 

2.  Shoemakers. 

3.  Weavers 

4.  Grocers 

5.  Blacksmiths 

6.  Carpenters  . 

7.  Tailors 

8.  Labourers  . 

9.  Miners 

10.  Bakers 

11.  Butchers 

12.  Innkeepers  . 

1-015 
•912 
•797 
•763 
•812 
•945 

1-163 
•979 
•849 
•759 

1-130 

1-383 

•864 
1-059 
1-056 
1-046 
1-240 
1032 
1-415 
1-252 
1-135 
1-475 

1-  653 

2-  045 

1-199 
1-503 
1-537 
1-579 
1-651 
1-667 
1-674 

1-  730 

2-  015 
2121 
2-310 
2-834 

2-490 

2-  869 

3-  299 
2-265 
3724 
2-966 
2-818 

2-  920 

3-  450 

3-  301 

4-  149 
3-897 

5-  530 

6-  505 

7-  459 
4-972 
7443 
6586 

7-  647 
6-790 

8-  051 
6-678 
6-647 
8-151 

14-802 

16-  446 

17-  308 
12-457 

16-  710 

14-  286 

15-  528 

17-  394 

17-  867 
15-066 
15-449 

18-  084 

All  England  . 

•948 

1-236 

1-787 

3031 

6-396 

14055 

From  this  we  learn  that,  taking  the  mortality  at  middle  life 
(ages  45  to  55),  out  of  every  1,000  farmers,  12  die  annually;  out 
of  every  1,000  shoemakers  and  weavers,  15;  out  of  every  1,000 
grocers,  16;  out  of  every  1,000  blacksmiths,  carpenters,  tailors, 
and  labourers,  17 ;  out  of  every  1,000  miners,  20;  out  of  every 
1,000  bakers,  21 ;  and  out  of  every  1,000  butchers,  23 ;  whilst 
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out  of  every  1,000  innkeepers  and  publicans,  no  fewer  than  28  die 
annually : — the  yearly  mortality  at  the  ages  stated  being  rather 
under  18  per  1,000  in  the  general  population  of  the  country. 

Ten  years  afterwards  similar  observations  were  made  by  the 
Registrar-General  as  applicable  to  the  deaths  of  males  upwards  of 
15  years  of  age  in  the  years  1860-61,  and  published  by  him  in 
the  supplement  to  his  Twenty-fifth  Annual  Report.  Some  slight 
transpositions  are  here  apparent,  but,  as  in  the  Table  of  1851,  the 
Farmer  class  remained  at  the  head  of  the  list,  and  the  Innkeeper 
class  at  the  bottom.  Again,  in  the  supplement  to  his  last  Report — 
the  Thirty-fifth — the  deaths  occurring  in  the  year  1871  are  tabu- 
lated for  various  occupations,  and  added  to  those  previously  given  for 
1860-61 ;  but  with  the  unvarying  result  that  the  highest  rate  of 
mortality  is  to  be  found  among  Publicans, — this  mortality  exceeding 
that  of  the  general  population  (males  above  15)  by  about  55  per-cent. 

The  following  remarks  apply  to  the  experience  of  the  Scottish 
Amtcable  Society  during  its  first  fifty  years,  in  connection  with 
this  class  of  lives ;  and  it  is  hoped  that  this  small  contribution  to 
the  statistics  of  the  subject,  may,  notwithstanding  the  comparatively 
limited  number  of  lives  under  observation,  aid  in  determining,  with 
some  approach  to  accuracy,  the  addition  which  should  be  made  to 
such  risks,  so  as  to  place  them  on  a  more  equitable  footing  with  the 
general  body  of  assurers. 

As  the  occupation  under  review  is  not  well  defined,  and  the 
unsettled  nomenclature  of  its  various  branches  makes  classification 
somewhat  difficult,  it  is  right  to  state  that  in  the  following  returns 
are  included  all  innkeepers,  licensed  victuallers,  publicans,  spirit- 
merchants,  beer-sellers,  travellers  in  connection  with  any  of  these 
trades,  steam-boat  stewards,  and  generally  all  persons  connected 
with  the  sale  of  intoxicating  liquors.  Wine  merchants,  not  carrying 
on  any  retail  business,  are  not  included. 

The  Society,  I  find,  has  assured  361  persons  directly  engaged 
in  the  liquor  traffic.  Of  these  102  have  died,  115  have  surrendered 
or  relinquished  their  policies ;  leaving  144  members  of  this  class 
still  on  the  Registers. 

It  was  at  first  thought  scarcely  worth  the  labour  of  taking  out 
the  exact  experience  at  the  different  ages,  and  consequently  an 
approximate  calculation  was  made  by  extracting  from  the  "Journal 
of  Benefits",  an  equal  number  of  lives  entering  next  before  and 
next  after  each  publican.  This  basis  of  comparison,  experience 
had  shown,  would  probably  be  sufficiently  accurate  to  enable  an 
estimate  to  be  made  of  the  aggregate  experience  among  Publican 
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as  compared  with  Non-Publican  Lives,  The  following  Table  gives 
the  result : — 


Scottish  Amicable  Society's  experience  of  "  Publican"  as  compared 

with  Non- Publican  Lives. 


Whereof 

Lives  Entering. 

Number. 

Died. 

flarippllpd 

Tri  T^OTPP 

Next  before  each  Publican  . 
Next  after       „       „  . 

361 
361 

76 
60 

104 
144 

181 
157 

722 

136 

248 

338 

Mean  of  these  .... 
Publicans  

861 
361 

68 
102 

124 
115 

169 
144 

Showing  no  fewer  than  34  deaths,  (102 — 68),  or,  singularly- 
enough,  exactly  fifty  per-cent  excess  of  mortality  in  the  Publican 
class. 

But,  on  second  thoughts,  it  was  deemed  better  to  adopt  the 
more  exact  method  of  ascertaining  the  actual  years  of  risk,  and  it 
is  somewhat  striking  to  observe  how  closely  the  results  correspond 
with  the  approximate  method  referred  to.  The  following  Table 
shows  the  numbers  at  risk,  and  the  actual  deaths  as  compared 
with  the  deaths  to  be  expected  by  the  Carlisle,  the  Actuaries,  and 
the  English  Tables  of  Mortality  respectively  : — 

Table  showing  the  Actual  Mortality  Experience  of  the  Scottish 
Amicable  Society  among  Publicans  and  Innkeepers. 


Deaths  expected  by 

Ages. 

Number 
at  Risk. 

Deaths. 

Carlisle 
Table. 

HM 

Table. 

English  No.  2 
(Males). 

20  to  25 
25  „  30 
30  „  35 
35  „  40 
10  „  45 
45  „  50 
50  „  55 
55  „  GO 
60  „  65 
65  „  70 
70  „  75 
75  and  upwards 

25 
107 
314 
547 
675 
630 
488 
331 
213 

lu- 
es 

17 

3 
5 
13 
16 
13 
19 
12 
9 
5 
1 
6 

•176 
•918 

3-  179 
6-012 
9-527 
9-060 
7*335 
7*136 
7*796 
5-047 

4-  550 
1-744 

•168 
•758 
2-561 
5-192 

7-  321 

8-  603 
8-559 
7*880 
7*296 
5*625 
5031 
1*853 

•211 

•992 
3-216 
6-350 
9*097 
10*095 
9*426 
8-317 
7*821 
6*008 
5-177 
1-814 

3529 

102 

62-480 

60-847 

68-524 
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The  mortality  being  thus  63  per-cent  in  excess  of  the  Carlisle 
Table;  68  per-cent  in  excess  of  the  Actuaries  Table;  and  49  per- 
cent in  excess  of  the  English  Table  No.  2  (Males). 

Having  arrived  at  this  conclusion,  it  will  be  interesting  to 
enquire  into  the  causes  of  death  of  these  Publicans,  and  so  endeavour 
to  account  for  the  excessive  mortality  among  their  class.  The 
following  table  has  accordingly  been  prepared,  showing  the  causes 
of  death  and  the  percentage  thereof  under  each  class  of  disease  to 
the  whole  number  of  deaths.  This  percentage  again  is  compared 
with  two  Tables,  namely — the  Society's  own  General  Mortality 
Experience,  which  was  published  shortly  after  its  Fifth  Septennial 
Investigation,  and  the  Ordinary  English  Death  Rate  between  ages 
15  and  75,  as  given  in  the  Eighteenth  Report  of  the  Registrar- 
General.  The  classification  of  the  Registrar- General  in  his  earlier 
reports  has  been  adopted  as  more  convenient  for  analytical  com- 
parison than  the  form  since  introduced  by  him.  It  will  be  observed 
that  there  were  seven  cases  of  "  Dropsy and  in  accordance  with 
Dr.  Farias  classification  these  fall  to  be  entered  under  the  Diseases 
of  Uncertain  Seat.  As,  however,  it  is  now  generally  conceded  that 
Dropsy  is  not  an  independent  or  primary  disease,  but  rather  the 
sequela  of  Cardiac,  Hepatic,  or  Renal  complaints, —  and  would 
scarcely  now  be  accepted  by  the  Medical  Adviser  of  a  Life  Office 
as  a  sufficiently  explicit  term, — the  method  adopted  by  Dr.  J.  G. 
Fleming  in  his  "  Medical  Statistics  of  Life  Assurance"  has  been 
followed — the  seven  cases  of  Dropsy  being  distributed  over  the  three 
diseases  mentioned,  giving  to  "Liver"  (as  perhaps  best  entitled  to 
it)  the  odd  seventh. 
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Nosological  Table,  showing  the  Deaths  among  Publicans  assured 
by  the  Scottish  Amicable  Society, — and  the  percentages  thereof, 
as  compared  with  the  General  Mortality  Experience  of  the  Society, 
and  with  the  Ordinary  English  Death  Rate. 


Percentage  of 

Deaths  as 

Per- 
centage 
under 
each 

T)i  <ip;i  sjp 

COMPARED  WITH 

Poiiopva  of  T)PfltTl 

(Registrar-General's  Classification). 

Deaths. 

Thp 
x  lit; 

Thp 
x  lie 

Society's 
own  Ex- 
perience. 

English 

Life 
Table. 

1    /v^rnTTf"  Dtstc  a  cstt1  «a  

X  .      Z-i  X  JO  1                     XJ  lOJJlAijiJO 

Sin  fill  -i">n"v 

kJ7111tt.ll.    UUA               •                 •                 •  • 

11 

Diarrhoea  .... 
Fever  ..... 

CO  CO 

>■ 

9 

8*824 

19*405 

16030 

1J1  y  olyl>Atl3  .... 

2J 

2   Dtseases  of  Uncertain  Seat — 

^ ,  .        1  J  IO  i  -  A  .   Xi  O      Vy  A.         KJ  XI  VUJ.V  A  xl  111        kMj  A  X 

Haemorrhage  .... 

Onn  ppr 

5 

4-902 

o  881 

3*820 

Dronsv  7  ( spp  a.'hovp,^ 

3  Tubercular  Disease — 

•       X  UX)iJnuUJJu.iii      X-^  X  to  XJ  XX  nj  XJ 

Plitliisis  .... 

16 

15*686 

13  842 

25*170 

4  Diseases  of  Nervous  System — 

Mm       1/  X  O  i    -X  O  XJU      Vy  X       XI  XJ  XV  T  \S  \J  KJ      Ky  X  U  X  XJ  XTX 

A  non  1  ax  v 

XX  UV/  IJIV^A  ¥                          •                        •                        •  • 

3^ 

X    (vl  MX  Y  OXO                          •                        •                        *  • 

3 

T)I«iPfmp  of  T$rfliii 

X/  ioL/tl>J  v    V_y X     X>1  tllll            •                    •  • 

11 

> 

21*569 

16817 

9*800 

T)p1  i  vi  n  m  TVpttiPti  s 

2 

r        1     J  *- 

F>    TTkat?t  Dtst^iart^ 

(_y  •       XXXJxXXVX       Ax  LO  Ij.LOli    •                      •                      •  • 

X  o 

12*746 

8-667 

7'050 

6  HRONCHITTS 

V/ •      X/  XV            V XX X  X  X  kJ                      •                    •                    •  * 

10 

9*804 

10*092 

11*310 

*7     DISEASES  OV  DTftESTTVE  Ol?flATfS 

#  •     x/XOJjx\OJj O     v_/ X?     JU/X VXXjQ x X  V  XJ     V-/ XV VJT xX XI  O 

Dispasp  of  Shoina.nli  &p 

Ol ^stvnofion  of  T^owpIs 

\_/  KJ O  CX  IX  \~/  CXVy  XX    VX            V  »f  vlO            •  • 

n 

21 

20*587 

12*549 

8*770 

Disease  of  Liver 

n  J 

8.  Disease  of  Kidney  . 

3 

2*941 

2*975 

3000 

9.  Generative  Organs 

•388 

1-800 

10.  Rheumatism  .... 

i 

•980 

•905 

•980 

11.  Integumentary  Tissues  . 

•517 

•210 

12.  Malformations 

•010 

13.  Premature  Birth,  &c.  . 

•460 

14.  Atrophy  

2-060 

15.  Old  Age  

2 

1*961 

2-070 

2-740 

16.  Unascertained  Causes  . 

2329 

2-450 

17.  Violent  Deaths 

5*563 

4-340 

Total  . 

102 

100* 

100- 

100- 

After  giving  effect  to  the  correction  referred  to,  it  will  be  seen 
from  the  Nosological  Table  given  above,  that  the  greatest  number 
of  deaths  occurred  from  diseases  of  the  Nervous  System,  the 
Organs  of  circulation,  and  the  Digestive  Organs.  The  mortality 
in  these  three  classes  is  greatly  in  excess  of  that  of  the  general 
population,  and  about  30  per-cent,  50  per-cent,  and  60  per-cent 
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respectively  in  excess  of  the  general  mortality  experience  of  the 
Society  itself.  The  deaths  from  Diseases  of  Uncertain  Seat  are 
also  in  excess  of  the  percentage  under  both  Tables,  notwithstanding 
the  elimination  of  the  seven  cases  of  Dropsy.  On  the  other  hand 
Tubercular  Disease  and  Bronchitis  are  as  much  as  40  per-cent, 
and  13  per-cent  respectively  under  the  expectation.  The  deaths 
by  Contagious  and  Infectious  Diseases  are  greatly  under  the  expec- 
tation, being  no  less  than  45  per-cent  below  the  ordinary  death 
rate,  and  55  below  the  Society's  general  experience.  This  surely 
is  an  unexpected  result  in  a  class  a  large  proportion  of  which  must 
of  necessity  be  specially  exposed  to  such  diseases  by  coming  in 
contact  with  numbers  of  people  of  a  degraded  type. 

As  it  is  the  Digestive  Organs  and  the  Nervous  System  which 
suffer  most  from  the  abuse  of  stimulants,  so  we  are  prepared  to  find 
that  the  greatest  mortality  occurred  in  connection  with  them — no 
less  than  43  out  of  the  102  deaths  being  traceable  to  these  diseases. 
Thus— 


Deaths  among  Publicans  from  Diseases  of  the  Nervous  System  and 

of  the  Digestive  Organs. 


Percentage  by 

Deaths. 

Percentage 
of  Total. 

The  Society's 

own 
Experience. 

The 
English 
Table. 

Nervous  System 
Digestive  Organs 

22 
21 

21-569 
20-587 

16-817 
12-549 

9-800 
8-770 

Together  . 

43 

42-156 

29-366 

18-570 

The  excessive  development  of  these  diseases  making  the  deaths 
45  per-cent  above  the  general  experience  of  the  Society,  and  about 
130  per-cent  above  the  ordinary  English  death  rate. 

Another  unlooked  for  result  in  investigating  this  subject  is, 
that  it  is  not  in  the  lowest  branches  of  the  trade  that  the  greatest 
mortality  is  to  be  found.  The  returns  from  time  to  time  bring 
out  the  embarrassing  fact  that  the  humble  beer-seller  belongs  to 
the  healthiest  section  of  the  trade,  whilst  the  innkeeper  belongs 
to  the  most  unhealthy.  It  would  also  appear  that  the  mortality 
is  greater  in  the  large  towns  than  in  the  country.  The  following 
figures  are  obtained  from  the  last  supplement  issued  by  the  Regis- 
trar-General. 
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Annual  Mortality  per-cent  among  JPublicans  in  London, — and  in 
England  exclusive  of  London, — as  compared  with  the  Mortality 
of  the  Male  Population  of  all  Glasses. 


Ages. 

London. 

England  ex  London. 

Publicans. 

General 
Population. 

Publicans. 

General 
Population. 

15  to  25 

•686 

•703 

1-003 

•727 

25  „  35 

1-642 

1-086 

1-407 

•972 

35  „  45 

2-324 

1-714 

1-981 

1-281 

45  „  55 

3-766 

2-568 

2-797 

1-812 

55  „  65 

5-487 

4-385 

4-228 

3-154 

65  „  75 

10-383 

8-283 

7*088 

6-489 

75  and  above 

32-692 

18-451 

21-034 

16-288 

Although  somewhat  apart  from  the  subject,  reference  may  be 
here  made  to  Mr.  F.  G.  P.  Neison's  "Contributions  to  Vital 
Statistics",  in  which  he  gives  some  curious  data  collected  as  to 
confirmed  Drinkers.  If  the  returns, — obtained  as  they  were, — 
may  be  relied  on,  they  go  to  show  that  the  mortality  among  con- 
firmed drinkers  is,  between  the  ages  of  20  and  30,  fully  five  times, 
and  between  the  ages  of  30  and  50,  fully  four  times  that  of  the 
community  at  large;  and  that  the  average  duration  of  life  after 
falling  into  intemperate  habits  is,  among  working  men,  about  18 
years;  among  merchants  and  tradesmen,  17  years;  among  pro- 
fessional men,  15  years;  and  among  females,  14  years.  The 
observations  extended  over  6,111  years  of  life,  in  which  357  deaths 
had  occurred,  as  against  110,  the  rate  for  the  general  population. 
They  also  showed  that  the  intemperate  indulgence  in  distilled 
liquors  is,  as  might  have  been  expected,  more  hurtful  than  the 
abuse  of  fermented  liquors ; — the  rate  of  mortality  among  the  Beer- 
drinkers  being  about  4£  per-cent  yearly,  and  among  the  Spirit- 
drinkers  6  per-cent. 

The  Publican  class  is  of  course  a  very  important  section  of  the 
community,  numbering,  as  it  does,  nearly  One  hundred  thousand 
men,  representing  in  the  aggregate,  as  was  somtime  ago  stated  in 
Parliament,  the  enormous  capital  of  One  hundred  and  seventeen 
millions  sterling.  We  know  that  in  this  large  and  useful  body 
there  are  many  respectable  and  strictly  temperate  men,  and  no  one 
would  wish  to  detract  from  their  merits,  or  try  to  make  out  a  case 
against  the  class.  Still,  as  Dr.  Farr  observes,  if  we  admit  that 
many  of  them  are  temperate,  the  mortality  of  the  intemperate 
among  them  must  be  excessive,  seeing  that  the  mortality  of  the 
trade  continues  to  be  so  great ;  and  without  doubt,  as  has  been 
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shown,  the  excess  of  mortality  arises  chiefly  from  diseases  induced 
or  aggravated  by  excessive  drinking. 

Dr.  B.  W.  Richardson,  who  has  made  the  National  Health  his 
special  study,  in  a  recent  article  in  one  of  the  magazines,  makes  the 
following  striking  remarks  : — 

"  The  most  startling  fact  of  all  in  reference  to  occupation  and 
health  is  that  which  is  told  of  the  innkeepers  and  publicans.  This 
class  of  the  community  is  really  at  the  lowest  of  the  vital  scale. 
The  cause,  unhappily,  is  not  difficult  to  discover.  There  is  nothing 
in  the  occupation  of  an  innkeeper,  as  an  occupation,  which  can 
account  for  its  unhealthiness  on  ordinary  grounds  of  labour.  It  is 
not  an  occupation  which  exposes  those  who  fill  it  to  physical  danger, 
as  the  work  of  the  miner  or  the  engine-driver  does.  It  is  not  an 
occupation  which  makes  great  demands  on  the  physical  organism, 
like  that  of  the  blacksmith  or  rope -maker.  It  is  not  an  occupation 
which  leads  men  into  solemn  charges  and  responsibilities,  like  those 
of  the  physician,  solicitor,  or  clergyman.  It  is  not  an  occupation 
which  brings  those  who  follow  it  to  the  miseries  of  want  and 
starvation.  Why,  then,  is  it  the  occupation  most  nearly  allied  to 
death  ?  The  answer  is  simply  told.  The  occupation  is  the  one 
the  most  nearly  allied  to  alcohol.  This  agent  of  death,  which 
diffuses  danger  more  or  less  amongst  all  classes  of  workers  in  our 
part  of  the  garden  of  life,  tempts  most  rapidly  into  destruction 
those  who  are  the  dispensers  of  it." 

Notwithstanding  all  that  has  been  said,  we  find  that  Dr.  J.  A. 
Allen,  Medical  Adviser  to  several  of  the  American  Companies,  in 
his  "  Examinations  in  Life  Insurance"— a  treatise  which  has  gone 
through  half-a-dozen  editions — in  dividing  the  different  occupations 
into  four  classes,  places  in  the  highest  or  "least  dangerous"  class, 
innkeepers,  saloon-keepers,  brewers,  rectifiers,  and  steam-boat 
stewards.  As  we  are  not  aware  that  there  is  any  great  difference 
in  the  habits  of  the  vendors  of  intoxicating  drinks  on  this  and  on 
the  other  side  of  the  Atlantic,  it  is  not  easy  to  see  how  such  a 
conclusion  is  arrived  at.  It  will  be  satisfactory,  however,  to  the 
profession,  to  know  that  he  also  places  "  Actuaries"  (as  well  as 
Physicians)  in  this  select  class  ! 

Let  us  now  endeavour  to  elicit  from  the  interesting  facts 
obtained  some  deduction  of  a  practical  character.  We  know  that 
each  particular  pursuit  has  its  own  attendant  risks,  and  that  the  lives 
daily  accepted  by  Assurance  Offices  at  the  same  premiums,  are  by 
no  means  of  the  same  vitality.  But  it  would  be  impracticable  to 
frame  Tables  of  Rates  for  each  department  of  skill  and  industry. 
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The  deviation  in  other  occupations  is  perhaps  not  so  great  as  to 
justify  the  suggestion  of  such  a  course.  Still,  in  the  class  of  lives 
now  under  review,  it  is  obvious  that  the  marked  excess  in  the  mor- 
tality proves  the  necessity  for  a  higher  rate  of  premium  than  is 
adopted  for  the  general  body  of  the  community.  The  Publican 
class  is  undoubtedly  the  lowest  in  the  scale  of  vitality,  and  con- 
sequently the  most  disadvantageously  placed  in  relation  to  the  value 
of  life.  The  figures  of  the  Scottish  Amicable  Society,  it  is  thought, 
afford  the  means  of  determining,  at  least  approximately,  the  proper 
rate  of  extra  to  be  imposed.  The  result  of  the  first  rough  estimate, 
as  explained,  agrees  almost  exactly  with  the  more  scientific  investi- 
gation thereafter  made,  and  proves  that  the  mortality  in  the  Publican 
class  is  just  about  50  per-cent  above  that  of  the  English  Life  Table, 
or  the  general  male  population  of  England  above  the  age  of  15. 
Consequently,  applying  the  figures,  we  have 

102-68-524 


3529 


x  100  =  -948 


showing  that  an  extra  rate  of  premium,  amounting  to  19s.  per-cent 
per  annum,  is  necessary  to  cover  the  extra  risk  attaching  to  the 
class.  It  may  be  added,  that  the  Scottish  Amicable  for  a  number 
of  years  past  has  been  in  the  habit  of  imposing  an  extra  of  £1 
per-cent  per  annum  in  all  such  cases,  and  it  is  therefore  satisfac- 
tory to  know  that  this  loading  so  closely  meets  the  extra  risk  now 
indicated  by  its  actual  experience  of  half  a  century. 


HOME  AND  FOREIGN  INTELLIGENCE. 

THE  NATIONAL  MUTUAL  LIFE  ASSOCIATION  OF 
AUSTRALASIA,  LIMITED. 

REPORT  BY  THE  ACTUARY,  MR.  J.  M.  TEMPLETON, 

On  the  Investigation  of  the  affairs  of  the  Association,  made  with  a  view  to 
the  ascertainment  of  the  Surplus  Fund  at  30th  September  1874,  and 
the  Division  thereof  among  the  Members. 

L — Introductory  Narrative. 

Since  the  Association  was  established  on  the  20th  August  1869, 
it  has  experienced  not  only  all  the  difficulties  which  usually  surround 
a  young  institution,  but  at  the  very  outset  of  its  career,  it  had  to 
contend  with  circumstances  peculiarly  trying  to  all  life  assurance 
companies,  even  those  of  the  oldest  standing.  Before  the  first  year 
had  elapsed,  news  was  received  of  the  stoppage  of  the  Albert 
Assurance  Company — a  company  whose  policyholders  were  to  be 
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found  in  nearly  every  part  of  the  world — and  a  wide- spread  distrust 
of  the  safety  of  life  assurance  was  thereby  engendered  in  the  public 
mind.  Scarcely  had  the  first  impression  of  this  died  away,  before  it 
was  followed  by  the  disastrous  failure  of  the  European  Assurance 
Society — a  society  whose  business  was  immense  and  distributed 
through  every  part  of  the  globe,  and  which  in  the  two  years  preceding 
its  failure  had  done  a  greater  amount  of  new  business  than  almost  any 
other  life  assurance  company  in  Great  Britain.  These  two  failures, 
which  are  without  parallel  in  the  history  of  life  assurance,  and  which 
resulted  in  serious  loss  to  many  persons  resident  in  this  and  the 
neighbouring  colonies,  brought  life  business  almost  to  a  stand  still  for 
some  time.  Many  persons  who  had  policies  on  their  lives  either 
surrendered  them  or  allowed  them  to  lapse,  and  the  uninsured  were 
heard  to  congratulate  themselves  that  they  had  never  insured  their 
lives. 

Summary  of  New  Business  transacted, 


Year  ending. 

No.  of 
Policies 
issued. 

Amount 
Assured. 

Annual  Premiums. 

Single 
Premiums. 

£ 

£      s.  d. 

£      8.  d. 

30tli  September  1870 

202 

85,400 

2,978  16  4 

Nil. 

y>  it 

1871 

94 

32,450 

1,205  12  8 

Nil. 

»  » 

1872 

161 

60,670 

1,995  14  3 

Nil. 

1873 

289 

92,780 

3,028    2  6 

Nil. 

»  » 

1874 

395 

108,200 

3,736  16  3 

57   9  0 

Total  . 

1,141 

£379,500 

£12,945    2  0 

£57   9  0 

Extension  of  Agencies. 

Since  the  Office  was  established,  the  Directors  have  taken  every 
opportunity  of  extending  the  Agencies  of  the  Association  throughout 
Victoria.  Considerable  difficulty  has  been  experienced  in  obtaining 
suitable  agents;  and  in  consequence  of  this  the  Association  is  still 
unrepresented  in  many  country  towns,  where  there  are  fair  prospects 
of  business.  Two  or  three  travelling  agents  are,  however,  kept  con- 
tinually employed,  and  with  their  assistance  the  Directors  hope  before 
the  lapse  of  many  months  to  cover  the  colony  of  Victoria  with  a  net- 
work of  Agencies. 

Interest  Realized. 

A  large  part  of  the  funds  has  been  lent  to  the  members  of  the 
Association  on  their  Life  Policies  with  personal  security, — a  kind  of 
investment,  not  only  safe,  but  highly  profitable,  and  at  the  same  time 
peculiarly  adapted  to  the  requirements  of  a  young  Office.  These  loans 
being  made  repayable  by  quarterly  instalments  limited  to  three  years, 
preclude  the  necessity  of  keeping  large  sums  of  money  uninvested  for 
the  purpose  of  meeting  claims  as  they  arise';  and,  while  the  members 
are  only  charged  a  moderate  rate  of  interest,  the  funds  are  made  to 
yield  a  great  profit  by  the  continual  re-lending  of  the  quarterly  instal- 
ments as  they  come  in. 

During  the  live  years,  the  average  rate  of  interest  realized  on  the 
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funds  has  grown  from  slightly  under  4  per-cent  to  9i  per- cent.  This 
high  rate  of  interest  is  the  result  of  developing  the  loan  business 
concurrently  with  the  issue  of  Life  Policies. 

Expenses  of  Management. 

The  Expenses  of  Management  of  Life  Offices  are  necessarily  much 
heavier  in  proportion  to  the  income  during  the  first  years  of  their 
business  than  during  any  subsequent  period.  This  arises  partly  from 
the  preliminary  and  other  expenses  incidental  to  the  establishment  of 
the  business,  and  partly  from  the  fact  that  the  first  year's  premiums 
of  all  policies  entail  much  heavier  expenses  upon  the  office  than 
renewal  premiums;  for  instance,  Medical  Fees,  Expenses  of  Travelling, 
Agents,  and  Advertising,  are  all  incidental  to  getting  new  business 
— these  expenses  fall  upon  the  first  year's  premiums,  and  are  not 
afterwards  incurred  in  the  collection  of  renewal  premiums.  To  these 
items  may  be  added  Commission  to  Brokers ;  for  since  the  office  was 
established,  the  Directors  have  paid  a  commuted  commission  out  of 
the  first  year's  premiums  for  the  introduction  of  new  business,  and 
have  thus  avoided  the  liability  to  pay  commission  on  renewal  pre- 
miums. This  method  involves  additional  expenditure  in  the  first 
year,  but  saves  an  expenditure  of  a  very  much  greater  amount  spread 
over  future  years. 

EHminating  the  items  above  mentioned,  the  other  expenses  during 
the  five  years  have  been  at  the  rate  of  15  per-cent  on  the  annual 
premium  income.  This  is,  to  a  great  extent,  the  result  of  the  agree- 
ment made  with  The  National  Insurance  Company  of  Australasia, 
Limited,  for  the  joint  use  of  offices  and  staff — an  arrangement  which 
has  considerably  reduced  the  expenses  of  both  institutions.  Every 
item  of  expenditure  has  been  included  in  the  accounts  and  written  off ; 
therefore,  no  part  of  the  expenses  of  the  first  five  years  is  left  as  a 
charge  upon  the  income  of  future  years.  No  members  have  been 
admitted  at  lower  rates  of  premium  than  those  published  in  the 
ordinary  prospectus ;  hence,  the  liabilities  under  policies  are  those 
only  for  which  adequate  premiums  have  been,  and  are  charged. 


Increase  of  Resources. 

The  Net  Funds  and  Eevenue  have  increased  during  the  five  years 
as  shown  below : — 


Funds. 

Annual  Revenue. 

£     s.  d. 

£       s.  d. 

1869 — August  20th  (commencement) 

Nil. 

436    8  9 

1870— September  30th 

781    3  5 

2,739    8  10 

1871         „  „ 

2,283  18  2 

3,650  18  8 

1872          „         „  ... 

3,873    4  11 

5,546  11  5 

1873         „         „  ... 

8,585  17  11 

8,635  17  4 

1874          „         „  ... 

15,464  16  9 

12,068    4  2 

Mortality  Experience. 

During  the  five  years  only  eight  deaths  have  occurred  among  the 
members  of  the  Association,  involving  claims  to  the  amount  of  £3,200, 
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which  have  been  duly  paid.  According  to  the  "  Institute  of  Actuaries 
HM  Table"  the  expected  deaths  were  20  in  number,  and  the  expected 
claims  were  £6,650  in  amount. 

The  difference  between  the  expected  and  actual  claims  amounts  to 
£3,450,  but  it  would  be  improper  to  consider  this  amount  to  be 
profit,  as  the  payment  of  the  expected  claims  is  not  saved  but  only 
deferred. 

II. — Investigation  of  the  Affairs  of  the  Association  at 
30th  September  1874. 

In  fixing  the  principles  upon  which  the  valuation  of  Policies  should 
be  made,  I  had  to  keep  in  view  the  fact  that  the  Association,  by  the 
issue  of  policies,  had  entered  into  contracts,  many  of  which  would 
endure  thirty  or  forty  years,  or  even  longer ;  I  had  therefore  to 
assume  a  rate  of  interest  which  we  might  expect  our  funds  to  realize 
during  these  long  terms,  and  fixed  4  per-cent  per  annum  as  the  basis 
of  calculation.  I  do  not  anticipate  that  this  rate  will  be  objected  to 
as  too  high ;  to  those  who  consider  it  too  low,  I  have  to  say  it  is  on 
the  safe  side,  and  any  error  thereby  caused  will  be  rectified  at  the 
periodical  investigations,  when  the  surplus  interest  realized  is  divided 
among  the  members.  As  regards  the  proportion  of  annual  premiums 
to  he  reserved  for  future  expenses  and  profits,  the  only  sound  method 
appeared  to  me  to  be  to  reserve  the  whole  of  the  loading  contained  in 
the  office  yearly  premiums,  as  this  was  the  only  course  by  which  future 
profits  would  be  left  for  future  division. 

In  the  valuation  of  policies,  all  the  calculations  were  made  by  two 
independent  methods,  and  thus  all  errors  were  discovered  and  rectified. 
My  labour  in  making  these  calculations  was  very  much  lessened  by 
the  use  of  the  Arithmometre  imported  by  me  a  few  years  ago ;  and  it 
is  due  to  the  inventor  and  patentee,  M.  Thomas  de  Colmar,  of  Paris, 
that  I  should  make  this  acknowledgment. 

Referring  to  the  summary  and  valuation  of  policies,  it  will  be 
observed  that  I  have  inserted  two  items  as  liabilities  which  are  not 
usually  found  in  the  accounts  of  life  assurance  companies.  The  first 
is,  "  Reserve  to  provide  for  increased  mortality  in  the  future"  My 
reason  for  making  this  reserve  is,  that  I  firmly  believe  that  the 
u  jjm  Table"  used  in  this  valuation  represents  very  closely  the 
mortality  which  will  be  experienced  by  this  Association,  and  that  if 
during  one  short  period  the  mortality  experienced  falls  short  of  the 
expectation,  it  will  be  counterbalanced  in  another  period  by  a  corre- 
sponding excess.  The  amount  reserved  is  the  difference  between  the 
amount  which  the  Association  would  have  had  to  pay,  if  the  number 
of  deaths  since  the  office  was  established  had  coincided  with  the 
number  expected  according  to  the  "  HM  Table",  and  the  amount 
of  the  claims  actually  incurred  and  paid  in  the  same  period.  The 
second  item  is  "  Reserve  for  lives  below  the  average  standard"  For 
an  explanation  of  this,  see  pages  51,  52.  The  reserve  thus  made  is  the 
total  amount  of  additional  loading  paid  by  those  lives  who  did  not 
exercise  the  option  of  paying  at  rate  for  age,  with  interest  added  at 
the  rate  of  4  per-cent  per  annum.  The  contingent  debts  endorsed 
upon  the  policies  of  those  who  did  exercise  the  option  of  paving  at 
rate  for  age,  amount  to  £2,838,  which  forms  a  contingent  reserve  for 
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the  supposed  additional  risk  undertaken;  but  the  item,  for  obvious 
reasons,  does  not  appear  in  the  accounts. 

It  will  also  be  observed  that  the  amount  of  office  yearly  premiums 
as  stated  on  page  52  differs  from  the  annual  premium  income  as 
stated  in  the  Beport  submitted  to  the  members  on  the  19th  November 
1874.  This  is  explained  by  the  fact  that  in  the  former,  the  annual 
premiums  according  to  the  tables  of  the  association  are  only  taken  into 
account;  while  in  the  latter,  the  half-yearly,  quarterly,  and  monthly 
instalments  of  the  annual  premiums  actually  payable,  are  taken  into 
account.  The  difference,  amounting  to  about  £240  per  annum,  is 
practically  an  additional  provision  for  future  expenses  and  profits,  over 
and  above  that  mentioned  on  page  50. 

The  Valuation  Balance  Sheet  shows  that  the  business  of  the  five 
years  has  produced  a  clear  surplus  of  £6,098.  135.  4 d. 

III. — Division  of  Surplus  among  the  Members. 

Of  this  surplus  of  £6,098.  135.  4 d.,  the  Directors  have  decided  to 
set  aside  £3,000  as  a  Eeserve  Fund  to  meet  unforeseen  contingencies. 
The  amount  thus  reserved  from  division  upon  this  occasion  with  the 
interest  accruing  thereupon  will,  however,  if  no  unforeseen  contingency 
arise,  be  divided  amongst  the  present  members  at  the  next  investigation; 
and  the  pro  rata  share  of  those  who  may  die  in  the  interval,  will  then 
be  paid  to  their  representatives,  unless  they  may  have  previously 
received  it.  By  treating  the  Reserve  Fund  in  this  way  every  member 
has  the  assurance  that  he  or  his  heirs  will  receive  the  full  value  of  his 
contribution  thereto.  This  plan  is  almost  identical  with  that  adopted 
by  the  Scottish  Widows'  Fund  in  dealing  with  its  Guarantee  Fund. 

The  balance  of  the  surplus  £3,098.  13s.  4<d.  will,  in  accordance 
with  Clause  88  of  the  Articles  of  Association,  be  divided  among  the 
members  whose  policies  are  dated  previous  to  the  1st  day  of  October 
1873,  "  in  proportion  to  the  amounts  contributed  towards  such  profit 
on  account  of  such  policies."  On  this  occasion  the  amount  of  loading 
paid  on  account  of  each  policy  is  taken  as  the  measure  of  its  contri- 
bution to  the  profits,  and  is  made  the  basis  of  the  division. 

At  future  investigations  this  mode  of  apportioning  profits  will  be 
modified  so  as  to  provide  equitably  for  the  division  of  the  profit  arising 
from  the  interest  realized  upon  the  Assurance  Fund  exceeding  the 
assumed  rate  (4  per-cent).  The  profit  from  this  source  will  be  con- 
siderable, and  should  be  divided  among  the  members  in  proportion  to 
their  several  interests  in  the  Assurance  Fund  which  produces  it. 

IV. — Conclusion. 

In  submitting  this  Report  it  is  a  source  of  gratification  to  me  to 
refer  to  the  results  now  declared  as  evidence  of  the  soundness  of  the 
basis  upon  which  the  Association  is  established.  In  1869  when  it  was 
announced,  on  my  recommendation,  that  the  Association  about  to  be 
established  would  apply  the  surrender  values  of  policies  in  the  payment 
of  premiums  which  might  be  overdue  from  any  cause  whatever,  and 
thus  keep  the  policies  in  force  for  the  benefit  of  the  policyholders, 
many  persons  took  alarm  at  this  evidence  of  liberality  on  the  part  of 
a  new  Office,  and  prophesied  utter  failure.    The  promoters  of  the 
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Association  were  prepared  for  opposition  to  this  feature,  as  it  had 
never  previously  been  adopted  by  any  company  or  society  doing  life 
assurance  business  in  these  colonies,  nor,  so  far  as  could  be  ascertained, 
had  it  ever  been  adopted  by  any  British  life  assurance  company.  In 
1875,  such  has  been  the  effect  of  the  introduction  by  the  Association 
of  this  just  and  equitable  feature,  that  four  other  offices  now  advertize 
that  they  have  adopted  it,  a  striking  illustration  of  the  echo  which  the 
principle  has  produced  in  the  public  mind. 

REPORT  OF  THE  CONSULTING  ACTUARY  (Me.  G.  E.  COWLEY) 

TO  THE  MEMBERS. 

I  have  the  honour  to  report  that  I  have  examined  the  formulas 
used  by  Mr.  Templeton,  your  Actuary,  for  the  valuation  of  the 
policies  of  various  classes  of  Assurance  granted  by  the  Association, 
and  certify  that  the  same  are  correct.  I  have  also  inspected  the 
Schedules  containing  the  detailed  valuations  and  certify  them  to  be  in 
proper  form. 

In  my  opinion  the  special  reserve  to  be  made  on  account  of  the 
extra  and  special  premiums  received  is  equitable,  and  the  further 
reserve  proposed  to  be  made  to  provide  for  increased  mortality  is  both 
correct  and  equitable,  and  more  than  usually  prudent  in  an  office  so 
comparatively  short  a  time  in  existence. 

The  writing  off  of  the  whole  of  the  commuted  commission  as  well 
as  the  whole  of  the  Medical  Fees,  though  both  these  items  might  be 
spread  over  a  much  longer  period,  is  equitable  to  all  parties,  and,  I 
think,  should  be  a  strong  inducement  to  future  entrants,  as  also  should 
be  the  extinguishment  of  the  amount  paid  to  the  guarantors  of  the 
sums  assured  while  the  Association  was  in  its  infancy. 

The  Mortality  table  upon  which  the  valuations  have  been  made  is, 
I  think,  by  far  the  most  applicable  to  the  first  valuation  of  your 
policies.  In  future  valuations  I  think  the  HM(5)  Table  should  be  used 
for  policies  which  have  been  in  existence  four  years  and  had  five 
premiums  paid. 

With  the  method  of  dividing  the  profits,  proposed  by  Mr.  Temple- 
ton,  I  perfectly  concur,  and  consider  it  the  most  equitable  at  the  first 
division,  but  it  will  not  be  applicable  to  subsequent  divisions. 

Balance  Sheet  on  the  30th  September  1874. 

Liabilities.  £     s  d 

Assurance  Fund,  as  per  Third  Schedule  ....  15,464  16  9 
Claims  admitted  but  not  paid   500    0  0 

Othee  Sums  Owing  by  the  Company — 

Sums  held  on  Deposit  .  .  .  £1,300  0  0 
Accrued  Interest  thereupon      .       .         28    3  3 

  1,328    3  3 

Directors'  Fees  £95  11  0 

Office  Expenses  .  .  .  .  262  10  0 
Expenses  of  Agencies       ...         77    5  9 

  435    6  9 


£17,728    6  9 
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Assets.      t  £  s.  d. 

In  Victoria — 

New  Zealand  Government  Debentures      .       .       .  910  0  0 

Mortgages   2,459  15  3 

Loans  on  Policies  within  their  Surrender  Value        .  117  10  0 

Loans  on  Policies  with  Personal  Security  .       .       .  11,818  2  6 

Agents'  Balances   184  17  4 

Outstanding  Premiums    ,   598  12  10 

Outstanding  Interest   172  17  2 


Cash — 

On  Deposit  £1,000    0  0 

In  hand  and  on  Current  Account     .       466  11  8 

  1,466  11  8 

Total  Assets  in  Victoria     ....  £17,728    6  9 
Elsewhere  than  in  Victoria  Nil. 

Total  Assets  £17,728    6  9 


This  Association  has  not  yet  granted  any  Annuities  or  Endowments. 

The  following  additional  particulars  are  taken  from  the  answers  to  the 
Eighth  and  Ninth  Schedules  of  the  (Victoria)  Life  Assurance 
Companies  Act,  1873. 

The  principles  upon  which  the  valuation  and  distribution  of  profits 
are  to  be  made  are  not  determined  by  the  Articles  of  Association  or 
by  any  regulations  or  bye-laws;  but  are  left  to  the  discretion  of  the 
Actuary  of  the  Association.  The  Articles  of  Association,  however, 
require  that  the  profits  (after  reserving  such  an  amount  as  the  Directors 
may  consider  necessary  to  meet  unforeseen  contingencies)  shall  be 
rateably  apportioned  as  a  bonus  amongst  the  policies  entitled  to 
participate  in  profits,  in  proportion  to  the  amounts  contributed  towards 
such  profit  on  account  of  such  policies  since  the  next  preceding 
investigation. 

The  policies  for  the  whole  term  of  life  were  valued  in  classes 
according  to  the  year  of  birth  of  the  persons  assured;  thus,  for 
example,  all  persons  born  between  the  first  April  1830,  and  the  31st 
March  1831,  have  been  treated  as  of  one  age,  and  as  if  all  born  on 
the  30th  September  1830. 

The  future  premiums  were  valued  by  annuities  deferred  six  months, 
that  being  the  average  time  at  which  the  next  renewal  premiums 
would  fall  due. 

Policies  on  Joint  Lives  and  on  Last  Survivor  were  valued  each 
separately,  the  ages  being  calculated  to  the  nearest  birthday  as  above 
described,  and  the  future  premiums  were  valued  by  annuities  deferred  the 
exact  proportions  of  a  year  to  the  dates  of  next  renewal  respectively. 

All  other  policies  were  valued  separately,  the  values  both  of  sums 
assured  and  of  future  premiums  being  calculated  to  the  nearest 
month ;  and  in  these  cases  it  has  been  assumed  that  the  persons  assured 
attained  their  office  ages  exactly  on  the  days  on  which  their  policies 
were  issued. 

In  cases  where  the  premiums  were  payable  by  half-yearly  or  quar- 
terly instalments,  the  corresponding  annual  premiums  according  to  the 
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Tables  of  the  Association  were  valued,  and  the  instalments  necessary 
to  complete  the  current  year  of  policies  were  valued  separately,  as  their 
payment  is  secured  by  the  conditions  of  the  policy. 

The  liability  of  the  Association  is  determined  by  taking  the  differ- 
ence between  the  present  value  of  the  sums  assured  and  the  present 
value  of  the  future  net  premiums.  The  net  premiums  valued  were 
those  upon  which  the  Tables  of  Rates  of  the  Association  were  originally 
constructed,  and  were  deduced  from  the  Tables  of  Mortality  known  as 
"  The  English  Life  Table",  with  4  per-cent  interest. 

The  profits  will  be  divided  among  the  members  entitled  to  partici- 
pate, in  proportion  to  the  loading  contributed  by  members  in  respect 
of  premiums  paid  during  the  quinquennium,  and  interest  thereupon 
to  30th  September  1874.  A  proportionate  part  of  the  loading  paid  in 
respect  of  policies  under  Table  II  (single  and  annual  premiums  limited 
in  number)  will,  however,  be  reserved  for  future  division. 

The  "  Institute  of  Actuaries  HM  Table"  is  the  only  Table  used  in 
the  valuation. 

In  all  the  calculations  the  rate  of  interest  assumed  has  been  4  per- 
cent per  annum. 

The  whole  of  the  "  Loading"  has  been  reserved  for  future  expenses 
and  profits.  This  amounts  on  the  average  to  23*58  per-cent  of  the 
premium  income,  and  its  present  value  is  £35,699. 

A  policy  must  be  twelve  months  in  force,  in  order  to  entitle  it  to 
share  in  the  profits. 

Specimen  bonuses  to  policies  of  £100  each  which  have  been  in 
force  for  five  years  (six  premiums  paid)  — 


Age 
at 
Entry. 

Reversionary 
Addition. 

Cash  Value. 

Reduction  of 

Premium 
for  whole  term 
of  Life. 

£   s.  d. 

£  s.  d. 

£  s.  d. 

20 

6   8  5 

17  1 

0    1  10 

30 

5  18  6 

1  12  3 

0    2  4 

40 

5  12  7 

2    0  3 

0    3  2 

50 

5  16  0 

2  14  6 

0    5  2 

N.B. — The  amount  of  Profit  reserved  from  division  on  tins  occasion  (£3,000) 
is  sufficient  to  provide  further  bonuses  nearly  equal  to  the  above,  and  these  will  be 
allotted  to  the  yjresent  members  at  the  next  investigation  in  1877,  if  no  unforeseen 
contingency  arise.  In  comparing  the  bonuses  with  those  allotted  by  other  Societies, 
therefore,  the  amounts  in  the  above  Tables  should  be  doubled. 


Consolidated  Keventte  Account  for  the  period  commencing 
20th  August  18G9  and  ending  30th  September  1874. 


Amount  of  Funds  on  20th  August  1869 
Premiums  (no  Reassurance  Premiums)  . 
Consideration  for  Annuities  granted 
Interest  (no  Dividends)  . 
Fines  and  Fees  . 


£       s.  d. 
Nil. 

28,671    0  10 
Nil. 

2,294    2  6 

159    7  11 


£31,124  11  3 
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£       s.  d. 

Claims  under  Policies  (no  Reassurances)        .       .       .  3,200    0  0 

Surrenders   82    7  11 

Annuities      .........  Nil. 

Commission  ......   £2,337  11  7 

Agency  Expenses   933    8  9 

  3,271    0  4 

Expenses  of  Management   7,029    7  5 

Preliminary  Expenses    .......  517    5  11 

Commission  on  Original  Guarantee        ....  1,537    2  11 

Bad  and  Doubtful  Debts  (written  off)    .       .       .       .  22  10  0 

Amount  of  Funds  on  30th  September  1874    .       .       .  15,464  16  9 

£31,124  11  3 


Valuation  Balance  Sheet,  as  at  SOth  September  1874. 

£     s.  d. 

Net  Liability  under  Assurance  and  Annuity  transactions  9,366  3  5 
Surplus   6,098  13  4 


£15,464  16  9 


£      s.  d. 

Life  Assurance  Fund   15,464  16  9 


£15,464  16  9 
Summary  and  Valuation  (see  p.  52) . 

Since  the  Association  was  established,  the  average  rate  of  interest 
at  which  the  life  assurance  fund  was  invested  has  been  as  follows: — 

On  30th  September  1870 — £3  19    0  per-cent  per  annum. 

1871  5    3    0  „ 

1872  7    8  0,, 

„         „       1873      8    3    5       „  „ 
„       1874      9    6  8,, 

Up  to  the  present  time  there  has  been  no  table  of  minimum 
surrender  values  adopted  by  the  Directors,  but  the  minimum  surrender 
values  of  policies  for  the  whole  term  of  life,  with  annual  premiums 
payable  during  life,  have  been  fixed  at  one  third  of  the  premiums 
actually  paid  by  the  members.  No  applications  have  been  received 
for  the  surrender  values  of  endowment  assurance  policies,  or  for  policies 
under  other  classes  of  assurance. 

This  Association  has  not  transacted  business  at  other  than  European 
rates.  But  if  members  go  to  reside  between  the  25th  parallels  of 
north  and  south  latitude,  an  extra  premium  varying  from  10s.  to  £2 
per-cent  per  annum  is  charged,  according  to  the  locality  of  residence. 
This  extra  premium  is  remitted  when  the  members  come  to  reside 
south  of  the  25th  parallel  of  south  latitude,  but  the  amount  of  extra 
premium  thus  paid  is  not  taken  into  consideration  in  fixing  the 
surrender  values. 

This  Association  does  not  grant  policies  on  unhealthy  lives;  but 
when  the  personal  or  family  history,  the  occupation,  or  any  other 
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circumstances  connected  with  the  persons  proposed  for  assurance,  lead 
the  Directors  to  believe  that  their  prospects  of  longevity  are  not  quite 
so  good  as  those  of  persons  in  every  respect  unexceptionable,  their 
proposals  are  accepted  at  rates  for  ages  somewhat  in  advance  of  their 
actual  ages.  These  persons,  when  accepted,  however,  have  the  right 
to  complete  their  policies  at  the  minimum  rates  for  their  actual  ages, 
subject  to  a  contingent  debt,  equal  to  the  value  of  the  additional 
premium  sought  to  be  charged,  to  be  deducted  from  the  amount  of  the 
policy  if  the  person  assured  die  under  the  average  age  attained  by 
persons  of  his  age;  but  when  he  attains  the  said  average  age,  the 
contingent  debt  is  expunged  and  no  additional  premium  is  charged. 
If  such  persons  elect  to  pay  the  rates  for  such  advanced  ages,  the 
surrender  values  of  their  policies  are  fixed  as  if  such  advanced  ages 
were  their  actual  ages. 

The  Directors  have  now  adopted  a  table  of  minimum  surrender 
values  for  future  use,  and  specimens  of  its  application  are  given  in  the 
following  table: — 


Minimum  Surrender  Values  of  Policies  of  £100  under  Table  I  payable 
during  the  whole  term  of  life,  exclusive  of  Bonus  additions. 


Age 
at 
Entry. 

Minimum  Surrender  Value  at  the  end  of 

3  Years. 

5  Years. 

10  Years. 

15  Years. 

20  Years. 

20 
30 
40 
50 
55 

£  s.  d. 

1  12  0 

2  8  0 

3  11  2 
6    4  1 
6    5  3 

£     s.  d. 

3  2  7 

4  12  9 
6  17  8 
9  18  7 

11  16  8 

£    s.  d. 
6  18  7 
9  18  2 
14    9  11 
20    9  2 
23  14  2 

£    s.  d. 
11    4  2 
16    0  8 
22  16  6 
31    0  5 
35    9  11 

£    s.  d. 
16    1  6 
22  16  2 
31  13  2 
41  10  2 
46    8  2 

The  publication  of  this  report  gave  rise  to  considerable  corres- 
pondence in  the  insurance  and  other  papers,  in  the  course  of  which 
the  following  facts  were  stated  by  the  actuary: — 

1.  If  the  expenditure  of  the  office  had  amounted  to  80  per- cent 
of  the  first  year's  premiums  and  7i  per-cent  of  the  renewal  premiums, 
the  total  expenses  would  have  been  40  per-cent  of  the  premiums; 
but  the  actual  expenditure  was  43  per-cent  of  the  premiums,  of  which 
7  per-cent  is  represented  by  the  preliminary  expenses  in  establishing 
the  Association  and  the  expense  of  a  guarantee  for  the  payment  of 
expenses  and  claims  during  the  first  three  years  of  the  business. 

2.  The  accumulated  fund,  at  the  date  of  valuation,  was  nearly  54 
per-cent  of  the  total  premiums  received,  or  over  58  per-cent  of  the 
total  premiums  received  on  account  of  existing  policies. 

3.  The  premiums  payable  for  the  whole  term  of  life  were  originally 
calculated  on  the  basis  of  the  English  Table  No.  1,  the  interest  assumed 
being  4  per-cent;  and  the  addition  for  expenses,  contingencies,  and 
profits,  was  made  in  the  form  of  a  constant  4s.  and  a  percentage  of 
15  per-cent  of  the  net  premiums;  and  the  loading  reserved  has  been 
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in  all  cases  (both  in  cases  accepted  at  the  ordinary  rate  of  premium 
and  in  cases  where  an  extra  premium  was  charged)  the  difference 
between  the  English  4  per-cent  net  premium  for  the  real  age  at  entry 
and  the  premium  actually  charged. 

Mr.  Templet  on  also  states  that  he  was  conscious  that  his  valuation 
produced  negative  values  for  a  considerable  number  of  the  policies,  but 
adds,  that  his  special  reserve  of  £3,450,  being  the  difference  between 
the  actual  claims  during  the  first  five  years  and  the  amount  of  claims 
which  was  to  be  expected  according  to  the  Institute  HM  table  of 
mortality,  was  more  than  sufficient  to  eliminate  the  whole  of  the 
negative  values.  Mr.  Templeton  further  states  that  the  Yictoria  Life 
Assurance  Companies  Act  gives  to  any  five  policyholders  power  to 
apply  to  the  Supreme  Court  to  wind  up  a  company;  and  if  such 
application  be  made,  the  Act  provides  that  the  policies  must  be  valued 
by  the  17  Offices'  Experience  Table,  4  per-cent,  and  the  pure  premium 
by  the  same  table  only  is  to  be  valued.  "  In  the  face  of  this  Act,  no 
prudent  actuary  would  endanger  his  company  by  dividing  more  profit 
than  the  above  method  of  valuation  will  produce."  This  is  a  point  of 
so  much  interest  that  we  have  reprinted  at  length  the  Act  in  question, 
in  order  that  our  readers  may  have  the  opportunity  of  referring  to  it 
for  themselves. 

In  consequence  of  the  comments  made  on  Mr.  Templeton's  report, 
the  Directors  deemed  it  desirable  to  obtain  and  circulate  widely  the 
opinion  of  Mr.  A.  H.  Bailey,  Actuary  of  the  London  Assurance 
Corporation,  as  to  the  principles  on  which  the  valuation  was  made  and 
the  results  it  exhibited,  and  the  following  extracts  are  taken  from  his 
opinion : — 

The  principles  on  which  the  valuation  has  been  made  are  as  fol- 
low : — 

The  rate  of  interest  assumed  has  been  for  all  purposes  4  per-cent 
per  annum. 

The  present  value,  according  to  the  Institute  of  Actuaries'  HM  Table 
of  Mortality,  has  been  calculated  of  the  sums  assured,  and  of  the  future 
annual  premiums ;  and  there  has  been  reserved  for  future  expenses  and 
profits  the  present  value  by  this  table  of  the  excess  of  the  premiums 
actually  charged  over  the  corresponding  premiums  of  the  English 
Table  No.  1.  The  "Net  liability",  therefore,  of  the  Report  is  the 
difference  between  the  present  values  by  the  HM  Table  of  Mortality  of 
the  sums  assured  and  of  the  annual  premiums  which  by  the  English 
Table  corresponded  to  these  sums  at  the  ages  of  the  lives  when  the 
policies  were  effected.  Further  reserves  have  been  made — (1)  of  the 
amount  which  has  been  received  for  extra  premiums  on  policies  where 
the  lives  assured  were  considered  to  be  below  the  average,  together 
with  interest  thereon;  (2)  of  the  difference  between  the  calculated 
amount  of  claims  by  the  HM  Table  and  the  amount  of  claims  that 
actually  arose;  (3)  of  a  sum  of  £3,000  for  contingencies.  On  the 
other  hand,  credit  has  been  taken  for  what  is  stated  to  be  the  amount 
of  net  premiums  corresponding  to  the  unpaid  half-yearly,  quarterly, 
and  monthly  instalments  required  to  complete  the  current  year's 
premiums  stipulated  for  by  the  terms  of  the  policies. 

The  following  is  the  result  of  a  valuation  made  in  this  manner: — 
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Assurance  Fund      ......  £15,464 

Estimated  Liability        .       .       .  £6,981 

Further  Reserves  for — 

Increased  Mortality  .  .  £3,450 

Under-Average  Lives.  .  1,350 

Contingencies    .       .  .  3,000 


Less  for  Instalments  of  cur 

rent  year's  Premiums  .  2,415 


£7,800 

£5,385 


£12,366 


Surplus  divided        ....  £3,098 

These  principles  of  valuation  have  now  to  be  considered. 

The  rate  of  interest  has,  I  think,  been  judiciously  chosen. 

I  agree  also  that  the  Institute  of  Actuaries  HM  Table  is  the  most 
suitable  one ;  and  that,  for  the  purpose  of  ascertaining  the  amount 
of  surplus  divisible,  what  is  called  a  "net  premium",  or  better,  a 
"pure  premium"  valuation  should  be  made.  For  this  purpose  the 
premiums  payable  have  to  be  divided  into  two  parts,  the  "net"  or 
"  pure  "  premium,  and  the  "  loading" ;  the  former  to  provide  the  sum 
assured,  the  latter  for  expenses,  profits,  and  contingencies.  In  making 
the  valuation,  either  the  present  value  of  the  net  premiums  only  is 
taken  into  account ;  or,  what  will  produce  the  same  result,  the  gross 
premiums  are  valued,  and  the  present  value  of  the  loading  appears  on 
the  other  side  of  the  account. 

In  the  present  case  the  office  premiums  are  those  of  the  English 
Table  No.  1,  with  certain  additions;  and  it  is  therefore  contended 
that  the  "  net  premiums  "  of  the  valuation  must  be  the  premiums  of 
the  English  Table,  and  none  other.  This,  I  think,  is  a  mistake.  In 
whatever  way  the  premiums  of  any  life  office  are  formed,  they  are  con- 
trolled, and  that  very  effectually,  by  competition.  The  additions  made 
to  the  pure  premiums,  and  termed  the  "loading",  are  by  no  means 
arbitrary.  Such  rates  of  premium  must  be  charged  as  are  obtainable 
in  practice,  and  these  are  by  no  means  always  what  are  most  desirable. 

But,  in  a  valuation,  the  question  is  not  how  the  premiums  have 
been  constructed,  but,  taking  them  as  they  are,  what  portion  will, 
according  to  the  best  judgment  that  can  be  formed,  suffice  for  the 
risk,  and  what  is  the  margin  beyond  this  ?  In  other  words — what  is 
the  prime  cost,  and  what  the  gross  profit  ?  Apply  these  principles 
to  the  valuation  now  under  discussion.  It  is  allowed  that  the 
HM  Table  best  represents  the  mortality  among  assured  lives.  But 
the  English  Table  shows  a  heavier  mortality,  so  that  the  i)remiums 
deduced  from  it  are  higher.  And,  therefore,  when  these  premiums  are 
taken  to  be  the  prime  cost  of  the  assurance,  and  at  the  same  time 
their  present  value  calculated  by  the  HM  Table,  the  effect  is  to  overstate 
the  credit  side  of  the  account,  and  to  anticipate  the  surplus  of  the 
future,  to  the  extent  of  the  present  value  of  the  difference  between  the 
English  and  HM  premiums. 

[On  this  Mr.  Templeton  comments  as  follows : — I  clearly  see  the 


56 


Home  and  Foreign  Intelligence. 


[Oct. 


applicability  of  this  method  of  reasoning  to  the  valuation  of  a  Pro- 
prietory Life  Office  which  sells  life  insurance  for  the  purpose  of  making 
a  profit ;  but  I  cannot  see  that  it  applies  to  a  Mutual  Life  Office,  in 
which  the  aim  should  be  to  give  every  member  the  full  value  of  what 
he  pays,  and  make  no  profit.  So  long  as  the  whole  of  the  "  loading  " 
originally  intended  for  future  expenses  and  profits  is  reserved — unless 
it  be  insufficient  for  these  purposes,  I  cannot  see  how  the  surplus  of 
the  future  can  be  anticipated  in  any  way.] 

If  it  had  been  desired  to  adhere  to  the  data  on  which  the  office 
premiums  were  based,  the  valuation  should  have  been  made  throughout 
by  the  English  Table,  and  to  this,  I  think,  there  would  have  been  no 
particular  objection.  It  would  have  been  still  better,  I  think,  if  the 
valuation  had  been  made  throughout  by  the  HM  Table.  But  the 
combination  of  the  two  tables  is  inadmissable,  and  has  the  effect  of 
treating  some  policies  as  assets,  while,  under  a  proper  pure  premium 
valuation,  provision  is  made  as  a  liability  for  every  policy  in  force. 

Again,  under  a  correct  pure  premium  valuation,  I  think  that  the 
extra  reserve  for  under-average  lives  would  have  been  unnecessary. 
The  extra  premiums  on  these  policies  constitute  a  further  loading, 
which,  not  being  taken  into  account  in  the  valuation,  is  a  source  of 
income  available  for  the  extra  claims  that  may  annually  arise  from  the 
increased  mortality  of  this  class  of  lives. 

On  the  other  hand,  it  seems  to  me  that  the  sum  taken  credit  for 
as  "instalments  of  annual  premiums"  is  a  somewhat  doubtful  asset. 
No  doubt  these  instalments  will  be  deducted  in  cases  of  claims,  but 
the  payment  of  them  cannot  be  enforced  when  policies  are  dropped. 
The  item  is  therefore,  in  effect,  a  loan  on  policies  without  interest ; 
and  is  a  good  asset,  if  at  least,  the  amount  in  arrear  has  been  reserved 
in  the  valuation  as  a  liability  under  the  policies  to  which  it  applies. 
I  should  hardly  think  that  this  can  be  the  case  in  the  present  instance, 
although,  of  course,  I  have  not  sufficient  information  to  speak  positively. 

[Mr.  Templeton  says : — This  item  did  not  include  any  "  amount  in 
arrear",  but  consisted  entirely  of  half-yearly,  quarterly,  and  monthly 
instalments  of  premiums,  amounting  to  £3,200.  Is.  Id.,  not  then  due, 
but  to  become  due  after  the  date  of  my  investigation,  of  which  the 
present  value  at  that  date  was  £3,136,  or  deducting  the  loading, 
£2,415.  These  instalments  have  since  been  collected,  and  yielded 
over  £3,130  in  hard  cash.] 

From  some  approximate  calculations  which  Mr.  Templeton  has 
furnished,  the  probable  results  can  be  given  of  a  valuation  on  what,  in 
my  judgment,  would  have  been  the  correct  principles — 


(a)  By  the  English  Table- 

Assurance  Fund 

.  £15,464 

Estimated  Liability  . 

.  13,382 

Surplus  .... 

.  £2,082 

(b)  By  the  HM  Table- 

Assurance  Fund 

.  £15,464 

Estimated  Liability  . 

.  13,617 

Surplus  .... 

.  £1,847 
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I  have  subjected  Mr.  Templeton' s  calculations  to  some  tests,  and  am 
satisfied  of  their  substantial  accuracy. 

In  these  valuations  no  account  has  been  taken  of  £3,136,  the 
unpaid  instalments  of  the  current  year's  premiums.  If  this  item  be 
estimated  at  £1,251,  then  the  surplus  which  has  been  divided  would 
have  resulted  from  a  proper  HM  pure  premium  valuation.  Again,  if 
this  item  be  estimated  at  £1,016,  the  surplus  which  has  been  divided 
would  have  been  brought  out  by  a  like  valuation  by  the  English  Table. 
Now,  I  think  it  will  not  be  contended  that  either  of  these  is  an 
unreasonable  estimate ;  and  if  that  be  admitted,  it  follows  that  the 
sum  of  £3,098  was  fairly  divisible  as  surplus. 

*  [As  to  this,  Mr.  Templeton  says : — The  Insurance  Commissioner 
of  Massachusetts,  U.S.,  an  officer  appointed  by  the  State  Legislature, 
whose  duty  it  is  to  strike  out  doubtful  assets  from  the  accounts  of 
Life  Assurance  Companies,  considers  this  a  good  asset.  While  he 
strikes  out  such  assets  as  "Cash  in  the  hands  of  Agents",  "  Furni- 
ture", &c,  he  allows  the  whole  amount  of  this  asset,  with  a  deduction 
of  10  per-cent,  thus :  £3,200.  Is.  Id.,  less  £320.  Os.  Id.,  equal  to 
£2,880.  Is. ;  and  therefore,  on  this  basis,  it  follows  that  the  surplus 
available  for  division  was,  by  the  HM  Table  pure  premium  method, 
£1,727,  and  by  the  English  Table,  £4,962.] 

The  general  result,  therefore,  is  that  the  principles  on  which  the 
valuation  was  made  are  incorrect.  Apart  from  the  reasons  for  this 
conclusion  which  I  have  given,  it  will  be  observed  that  the  results  of 
the  valuation  were  not  acted  upon,  but  that  further  reserves  were  made 
amounting  altogether  to  nearly  78  per-cent  of  the  estimated  liability. 
This  would  have  been  an  unreasonable  proceeding  if  the  valuation  had 
been  properly  made  ;  and  is,  I  think,  a  practical  condemnation  of  the 
principles  which  were  adopted. 


Mr.  Bailey  concludes  his  report  by  saying  that,  these  large  extra 
reserves  having  been  made,  there  was  no  justification  for  the  assertion 
that  had  been  made,  that  the  Association  was  not  in  a  position  to  declare 
a  bonus  and  that  its  assets  were  not  sufficient  to  meet  its  liabilities. 


Finally,  Mr.  Templeton  remarks: — It  will  be  observed  that  Mr. 
Bailey's  method  requires  larger  reserves,  and  therefore  the  error,  if 
any,  is  on  the  side  of  safety;  if  this  were  its  only  characteristic,  I 
should  at  once  recommend  its  adoption.  But  the  following  objections 
present  themselves  to  my  mind: — 1st.  The  method  is  based  upon  an 
abstract  theory,  and  takes  no  cognizance  of  the  future  premiums 
actually  payable;  e.g.,  the  net  liability  of  £100.  Os.  2 d.,  in  the  example 
calculated  above,  would  have  been  exactly  the  same  if  the  annual 
premiums  had  been  £35  or  £40  instead  of  £30.  15s. ;  and  there- 
fore I  consider  the  method  inapplicable  to  an  office  which  seeks  to 
give  to  its  members  the  full  value  in  assurance  of  the  premiums 
they  pay.  2nd.  When  applied  to  the  National  Mutual,  it  has  the 
effect  of  making  the  members  who  enter  at  ages  under  40,  contribute 
more  than  their  fair  share  to  future  expenses,  contingencies,  and 
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profits,  and  this  injustice  is  greatest  at  the  youngest  ages.  The 
following  table  will  illustrate  my  meaning: — 


Age 
at 
Entry. 

Proportion  of  Annual 
Premium  originally 
intended  to  Provide  for 
Future  Expenses  and 

rroircs, 
termed  "Loading". 

Proportion  of  Annual 
Premium  Reserved  for 
Future  Expenses 
and  Profits  by  the 
method  proposed  by 
Mr.  Bailey. 

Percentage 
oi  aQCuiion  \iO  une 
Original  Loading 
necessitated  by  the 
method  proposed 
by  Mr.  Bailey. 

20 

22*7  per- cent. 

32-2  per-cent. 

42  per-cent. 

30 

20-5  „ 

28'4 

38  „ 

40 

18-7  „ 

23-5  „ 

26  „ 

50 

17-0  „ 

187  „ 

10  „ 

60 

15-4  „ 

17-5  „ 

13*  „ 

Thus,  by  Mr.  Bailey's  method,  the  loading  would  be  increased  by 
42  per-cent  to  members  who  enter  at  age  20,  while  it  would  be  increased 
by  only  10  per-cent  to  those  who  enter  at  age  50.  3rd.  The  method 
is  one  which,  for  the  majority  of  policies  recently  issued,  requires 
reserves  of  amounts  greater  than  could  possibly  be  saved  out  of  the 
premiums  received  on  account  o£  such  policies,  and  thus  has  the 
effect  of  treating  them  as  if  their  issue  caused  an  immediate  loss  to  the 
Association.  For  these  reasons  I  am  unable  to  recommend  the  adoption 
of  the  method  proposed  by  Mr.  Bailey  so  long  as  we  retain  our  present 
rates  of  premium. 


Life  Insurance  Act  of  the  Colony  of  Victoria. 

We  are  indebted  to  Mr.  J.  M.  Templeton,  the  Actuary  and  Secre- 
tary of  the  National  Mutual  Life  Association  of  Australasia,  for  a 
copy  of  the  Act  that  regulates  Life  Insurance  Companies  in  Victoria. 
It  appears  to  be  based  to  a  great  extent  on  the  Life  Insurance  Acts 
of  the  Imperial  legislature,  but  deals  with  several  matters  not  within 
the  scope  of  those  Acts,  and  we  therefore  think  a  reprint  of  the  Act 
will  be  acceptable  to  our  readers.  We  would  specially  direct  attention 
to  the  following  enactments: — §§  8,  9,  10,  as  to  companies  "having 
secured  assets  in  Victoria";  such  assets,  which  may  be  increased  from 
time  to  time,  are  primarily  charged  with  the  satisfaction  of  the  liabili- 
ties of  the  company  in  Victoria,  and  must  not  be  removed  from  the 
Colony  until  the  whole  of  such  liabilities  shall  be  paid  in  full:  §  11,  as 
to  companies  whose  principal  place  of  business  is  elsewhere  than  in 
Victoria;  these  are  required  to  keep  a  separate  account  of  the  business 
and  of  the  assets  in  Victoria;  and  in  the  event  of  the  company  being 
adjudged  bankrupt  or  insolvent,  or  being  ordered  to  be  wound  up,  no 
part  of  the  assets  in  Victoria  is  to  be  applied  in  payment  of  liabilities 
elsewhere,  until  the  liabilities  in  Victoria  are  paid  in  full:  §  26,  as  to 
novations  by  policyholders:  §  35,  as  to  the  valuation  of  policies  when 
application  is  made  to  wind  up  a  company:  §  37,  protecting  life 
policies  to  the  extent  of  £1000  against  creditors:  §  38,  providing 
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that  the  amount  of  a  policy  not  exceeding  £100  may  be  paid  without 
taking  out  probate  or  letters  of  administration:  §  39,  as  to  assign- 
ments of  policies:  §  40,  as  to  mortgages  and  trusts. — Ed.  J.  I.  A. 


37  Yict.  No.  474. 

An  Act  to  amend  the  Law  relating  to  Life  Assurance  Companies. 

[25th  November  1873.] 

Be  it  enacted  by  the  Queen's  Most  Excellent  Majesty  by  and  with 
the  advice  and  consent  of  the  Legislative  Council  and  the  Legislative 
Assembly  of  Victoria  in  this  present  Parliament  assembled  and  by  the 
authority  of  the  same  as  follows: — 

1.  This  Act  may  be  cited  as  "  The  Life  Assurance  short  title. 
Companies  Act  1873". 

2.  In  this  Act — 

The  term  "  company"  means  any  person  or  persons Interpretatio]) 
corporate  or  unincorporate  who  issue  or  are  liable  of  terms, 
under  policies  of  assurance  or  endowment  upon  33  and  34  Vict, 
human  life  within  Victoria  or  who  grant  annuities  °'  61>  s*  2' 
upon  human  life  within  Victoria,  and  whether  the  head  office 
or  principal  place  of  business  of  such  person  or  persons  is 
in  Victoria  or  elsewhere. 

The  term  "chairman"  means  the  person  for  the  time  being 
presiding  over  the  board  of  directors  committee  of  management 
or  other  managing  body  in  Victoria  of  the  company. 

The  term  "  life  assurance  business"  means  the  granting  of  policies 
of  assurance  or  endowment  or  annuities  on  human  life. 

The  term  "policyholder"  means  the  person  who  for  the  time 
being  is  the  legal  holder  of  the  policy  for  securing  the  life 
assurance  endowment  annuity  or  other  contract  with  the 
company. 

The  term  "financial  year"  means  each  period  of  twelve  months 
at  the  end  of  which  the  balance  of  the  accounts  of  the  company 
is  struck,  or  if  no  such  balance  is  struck  then  each  period  of 
twelve  months  ending  with  the  thirty-first  day  of  December. 

The  term  "  Court"  means  the  Supreme  Court  of  the  Colony  of 
Victoria. 

The  term  "  Judge"  means  a  Judge  of  the  Court. 
The  term  "  Registrar- General"  means  the  Registrar- General  of 
Victoria. 

3.  Every  company  transacting  other  business  besides  Life  funds 
life  assurance  business  shall  keep  a  separate  account  of  all  seParate- 
receipts  after  the  passing  of  this  Act  in  respect  of  the  life  ^eT^t VlCt'' 
assurance  business  of  the  company,  and  the  said  receipts  34  ai^d  35  Vict 
shall  be  carried  to  and  form  a  separate  fund  to  be  called  c.  41,  s.  2. 
the  life  assurance  fund  of  the  company,  and  such  fund  however  in- 
vested shall  be  as  absolutely  the  security  of  the  life  and  endowment 
policy  and  annuity  holders  as  though  it  belonged  to  a  company  carrying 
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on  no  other  than  life  assurance  business,  and  shall  not  be  liable  for 
any  contracts  of  the  company  for  which  it  would  not  have  been 
liable  had  the  business  of  the  company  been  only  life  assurance  business. 
In  respect  to  all  existing  companies  the  exemption  of  the  life  assur- 
ance fund  from  liability  for  other  obligations  than  to  its  life  and 
endowment  policy  and  annuity  holders  shall  have  reference  only  to  the 
contracts  entered  into  after  the  passing  of  this  Act  unless  by  the 
constitution  of  the  company  such  exemption  already  exists  ;  but  this 
section  shall  not  apply  to  any  contracts  made  by  any  existing  company 
by  the  terms  of  whose  deed  of  settlement  or  articles  of  association 
the  whole  of  the  profits  of  all  the  business  are  paid  exclusively  to 
the  life  and  endowment  policy  or  annuity  holders,  and  on  the  face  of 
which  contracts  the  liability  of  the  assured  distinctly  appears:  Pro- 
vided always  that  this  Act  shall  not  diminish  the  liability  of  the 
life  assurance  fund  for  any  contracts  of  the  company  entered  into 
before  the  passing  of  this  Act. 

Registration.  4.  Any  company  desirous  of  being  registered  under  this 
Act  shall  lodge  in  the  office  of  the  Registrar- General  a 
First  Schedule,  memorandum  in  the  form  contained  in  the  First  Schedule 
to  this  Act  signed  by  the  chairman  and  the  principal  officer  or  agent 
managing  the  life  assurance  business  of  the  company  in  Victoria  and 
verified  by  a  statutory  declaration  of  the  persons  so  signing.  A  copy 
of  the  memorandum  and  declaration  shall  within  seven  days  after  the 
day  of  lodgment  be  published  in  the  Government  Gazette,  and  a  copy 
of  the  Gazette  containing  such  publication  shall  be  forwarded  by  such 
company  to  the  office  of  the  Begistrar-  General,  to  be  there  retained 
and  filed  with  the  memorandum. 

Registrar-  The  Registrar- General  shall  keep  a  register-book  to 

General  to  keep  be  entitled  "The  Assurance  Companies'  Register-book," 
a  register-book.  an(^  Qn  recejp^  0f  sa^  Gazette  containing  such  pub- 
lication as  aforesaid  shall  enter  the  date  of  such  receipt,  and  shall 
write  and  sign  at  the  foot  of  the  memorandum  originally  lodged  the 
words  "  The  above  company  was  on  the  day  of  18 

registered  by  me,  as  a  company  having  [or  not  having]  secured 
assets  in  Victoria/ '  and  thereupon  such  company  shall  be  deemed  to  be 
registered  under  this  Act. 

Company  to  be  ^.  No  company  shall  after  the  expiration  of  six  months 
registered.  from  the  passing  of  this  Act  commence  any  new  life 
assurance  business  within  Victoria  unless  it  be  registered  as  a  company 
under  this  Act. 

Company  to  Every  company  which,  after  the  passing  of  this  Act, 

deposit  sum  shall  commence  to  carry  on  the  business  of  life  assurance 
with  Treasurer.  w^n^n  coionv  0f  Victoria  shall  before  accepting  any 
premiums  in  connection  with  such  business  deposit  the  sum  of  Five 
thousand  pounds  with  the  Treasurer  to  be  invested  by  him  in  the 
particular  fund  under  his  control  indicated  by  the  company  which 
shall  receive  the  income  therefrom,  and  the  registrar  shall  not  issue 
a  certificate  of  registration  until  such  deposit  shall  have  been  made, 
and  the  Treasurer  shall  retain  such  deposit  until  the  life  assurance 
fund  accumulated  out  of  the  premiums  shall  have  amounted  to 
Fifteen  thousand  pounds,  when  the  amount  so  deposited  shall  bu 
refunded  to  the  company. 
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8.  Every  company  registered  under  this  Act  shall  at  Either  as  having 
the  option  of  such  company  be  registered  either  as  a  com-  f^vfctoriefoi8 
pany  having  secured  assets  in  Victoria  or  as  a  company  not  not. 
having  secured  assets  in  Victoria. 

9.  Every  company  registered  under  this  Act  as  a  com-  Registration  of 
pany  having  secured  assets  in  Victoria  may  from  time  to  secured6 assets, 
time  increase  the  amount  of  such  secured  assets  by  lodging 

with  the  Registrar- General  a  memorandum  in  the  form 
contained  in  the  Second  Schedule  to  this  Act  signed  by  Second 
the  chairman  and  the  principal  officer  or  agent  managing  Schedule- 
the  life  assurance  business  of  the  company  in  Victoria.    The  Regis- 
trar-General shall  enter  such  memorandum  at  the  foot  of  the  registry 
of  such  company  in  the  Assurance  Companies'  Register-book,  and  a 
copy  of  every  such  memorandum  shall  be  forthwith  published  in  the 
Government  Gazette. 

10.  In  the  case  of  every  company  registered  under  this  Secured  assets 
Act  as  a  company  having  secured  assets  in  Victoria  such  ^g^ter^d^com- 
secured  assets  to  the  amount  at  which  the  same  shall  from  pany  primarily 
time  to  time  be  registered  shall  be  primarily  charged  with  nabmtferin1 
the  payment  or  satisfaction  of  all  the  liabilities  of  theVictoria- 
company  in  Victoria ;  and  no  part  of  such  secured  assets  shall  after  such 
registration  be  removed  from  Victoria  or  be  applied  in  payment  of  any 
liabilities  of  the  company  other  than  those  so  charged  as  aforesaid 
until  the  whole  of  such  last  mentioned  liabilities  shall  be  paid  in  full, 
but  nothing  herein  shall  limit  or  affect  the  application  of  any  such 
assets  in  making  or  varying  any  investment  thereof  in  Victoria.  Any 
director  agent  officer  or  servant  of  any  company  wilfully  committing 
or  aiding  or  assisting  in  the  commission  of  any  breach  of  this  section 
shall  be  deemed  guilty  of  a  breach  of  trust  and  be  held  liable  to  replace 
the  amount  of  all  such  secured  assets  as  shall  be  by  him  or  with  his 
aid  and  assistance  removed  from  Victoria  or  applied  contrary  to  the 
provisions  of  this  section,  and  shall  also  be  deemed  guilty  of  a  mis- 
demeanour, and  being  convicted  thereof  shall  be  liable  at  the  discretion 
of  the  Court  to  be  imprisoned  for  any  term  not  exceeding  three  years 
or  to  a  penalty  not  exceeding  Five  hundred  pounds. 

11.  Every  company  whose  head  office  or  principal  place  Assets  of  foreign 
of  business  is  not  in  Victoria  shall  keep  a  separate  account  companies  in 
of  all  the  business  transacted  in  Victoria  and  of  the  entire  Vlctona- 
assets  of  the  company  in  Victoria,  whether  registered  as  secured  assets 
or  not,  and  in  the  event  of  the  company  becoming  bankrupt  or  insol- 
vent or  being  ordered  to  be  wound  up  the  entire  assets  of  the  company 
in  Victoria  shall  be  applied  so  far  as  the  same  will  extend  in  or  towards 
satisfaction  of  the  liabilities  of  the  company  in  Victoria,  and  no  part 
of  such  assets  shall  be  applied  in  payment  of  any  liabilities  of  the 
company  incurred  elsewhere  than  in  Victoria  until  the  whole  of  the 
liabilities  incurred  in  Victoria  shall  be  paid  in  full.  If  any  such  com- 
pany be  adjudged  bankrupt  or  insolvent  or  be  ordered  to  be  wound  up 
elsewhere  than  in  Victoria  then  the  same  company  so  far  only  as  regards 
its  assets  and  liabilities  in  Victoria  may  upon  the  application  of  one 
or  more  policyholders  or  shareholders  be  ordered  to  be  wound  up  in 
Victoria  in  like  manner  as  if  such  company  were  registered  under  "  The 
Companies  Statute  1864",  and  proof  of  such  company  having  been  so 
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adjudged  bankrupt  or  insolvent  or  ordered  to  be  wound  up  shall  be 
conclusive  evidence  that  it  is  unable  to  pay  its  debts. 
Name  of  com-  12.  Every  company  registered  under  this  Act  shall 
wSenon  cause  to  be  written  or  printed  after  the  name  of  such 
policy,  &c.  company,  upon  the  face  of  every  policy  and  receipt  for 
premium  issued  by  it  after  the  registration  of  such  company  the  words 
"Registered  under  4  The  Life  Assurance  Companies  Act  1873',  as  a 
company  having  secured  assets  in  Victoria  [or  "  not  having  secured 
assets  in  Victoria",  as  the  case  may  be]. 

Change  of  chair-  13-  Notice  signed  by  the  chairman  and  the  principal 
man,  &c,  to  be  officer  or  agent  managing  the  life  assurance  business  of  the 
company  in  Victoria  of  any  change  of  chairman  director 
principal  officer  or  agent  in  Victoria  of  such  company,  and  containing 
the  name  address  and  occupation  of  every  newly  appointed  chairman 
director  principal  officer  or  agent  in  Victoria,  shall  within  seven  days 
after  any  such  change  be  lodged  with  the  Registrar- General,  who 
shall  enter  the  same  at  the  foot  of  the  registry  of  such  company  in  the 
Assurance  Companies'  Register-book,  and  a  copy  of  every  such  notice 
shall  be  forthwith  published  in  the  Government  Gazette. 
statements  to  14.  Every  company  transacting  life  assurance  business 
pLiiesdebyCOm"on^y  sna^  a^  ^he  expiration  of  each  financial  year  of  such 
33  and  34  Vict,  company  prepare  a  statement  of  its  revenue  account  for 
c  6i,  s.  5.  such  year  and  of  its  balance-sheet  at  the  close  of  such  year 
Fourth™1  ^n  ^ne  f°rms  respectively  contained  in  the  Third  and  Fourth 
Schedules.       Schedules  to  this  Act. 

Statements  by      \§t  Every  company  which  concurrently  with  the  tran- 

C0111T3CII116S  »  •  •  • 

doing  other      saction  of  life  assurance  business  transacts  any  other  kind 
ness  Me  bUS1"  °f  assurance  or  other  business  shall  at  the  expiration  of 
Ib  s  6         each  financial  year  of  such  company  prepare  a  statement 
of  its  revenue  account  for  such  year  and  of  its  balance- 
Fifth  and  Sixth  snee^  a^  ^ne  cl°se  °f  such  year  in  the  forms  respectively 
Schedules.       contained  in  the  Fifth  and  Sixth  Schedules  to  this  Act. 
statement  by       16.  Every  company  whose  head  office  or  principal  place 
panifs!  C°m"     °^  t>usmess  is  n°t  in  Victoria  shall  at  the  expiration  of 
each  financial  year  of  such  company  prepare  in  addition 
to  all  other  statements  required  by  this  Act  a  statement 
of  all  its  policies  in  force  at  the  close  of  such  year  in  the 
Schedule.       form  contained  in  the  Seventh  Schedule  to  this  Act. 
Actuarial  report     17.  Every  company  shall  once  in  every  five  years,  or  at 
and  abstract,    sucn  shorter  intervals  as  may  be  prescribed  by  the  instru- 
cfei  s.3£       ment  constituting  the  company  or  by  its  articles  of  asso- 
ciation regulations  or  bye-laws,  cause  an  investigation  to 
be  made  into  its  financial  condition  by  an  actuary  and  shall 
cause  an  abstract  of  the  report  of  such  actuary  to  be  made 
Schedule        *n  ^ne  f°rm  prescribed  in  the  Eighth  Schedule  to  this  Act. 
Statement  of  Every  company  shall  on  or  before  the  thirty-first 

life  and  annuity  day  of  December  One  thousand  eight  hundred  and  seventy- 
business.        £ye^  an(j  thereafter  within  nine  months  after  the  date  of 
each  such  investigation  as  aforesaid  into  its  financial  con- 
dition, prepare  a  statement  of  its  life  assurance  and  annuity 
Ninth  business  in  the  form  contained  in  the  Ninth  Schedule 

Schedule.       to  this  Act,  each  of  such  statements  to  be  made  up  as  at 
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the  date  of  the  last  investigation,  whether  such  investigation  be  made 
previously  or  subsequently  to  the  passing  of  this  Act :  Provided  as 
follows : — 

(i.)  If  the  next  financial  investigation  after  the  passing  of  this  Act 
of  any  company  fall  during  the  year  One  thousand  eight  hundred 
and  seventy- six  the  said  statement  of  such  company  shall  be 
prepared  within  nine  months  after  the  date  of  such  investigation 
instead  of  on  or  before  the  thirty-first  day  of  December  One 
thousand  eight  hundred  and  seventy-five, 
(il.)  If  such  investigation  be  made  annually  by  any  company  such 
company  may  prepare  such  statement  at  any  time  so  that  it  be 
made  at  least  once  in  every  three  years. 
The  expression  "date  of  each  such  in  vestigation ' '  in  this  section  shall 
mean  the  date  to  which  the  accounts  of  each  company  are  made  up  for 
the  purposes  of  each  such  investigation. 

19.  The  Governor  in  Council  may  alter  the  forms  con- Forms  may  bo 
tained  in  the  Schedules  to  this  Act  for  the  purpose  of altered- 
adapting  them  to  the  circumstances  of  any  company  or Ib-' s>  9- 

of  better  carrying  into  effect  the  objects  of  this  Act. 

20.  Every  statement  or  abstract  hereinbefore  required  gtatements 

to  be  made  shall  be  signed  by  the  chairman  and  two  of  &c, to  be  signed 
the  directors  or  committee  of  management  or  by  the  agent  deposite^with1 
of  the  company  in  Victoria  and  by  the  principal  officer  or  Registrar- 
agent  managing  the  life  assurance  business  of  the  company  GeneraL 
in  Victoria,  and  if  the  company  has  a  managing  director Ib'' s' 10, 
in  Victoria  by  such  managing  director,  and  shall  be  printed,  and  the 
original  so  signed  as  aforesaid  together  with  three  printed  copies  thereof 
shall  be  deposited  at  the  office  of  the  Registrar- General  within  nine 
months  of  the  dates  respectively  hereinbefore  prescribed  as  the  dates 
at  which  the  same  are  to  be  prepared ;  and  every  annual  statement  so 
deposited  after  the  first  investigation  after  the  passing  of  this  Act 
shall  be  accompanied  by  a  printed  copy  of  the  abstract  required  to  be 
made  as  aforesaid. 

21.  A  printed  copy  of  the  last  deposited  statement  copies  of  state- 
abstract  or  other  document  by  this  Act  required  to  be  ^yeiUcTsiiare 
printed  shall  be  forwarded  by  the  company  by  post  or  holders,  &c. 
otherwise  to  every  shareholder  member  and  policyholder  of  33  and  34  Viet, 
the  company  in  Victoria.  c'  61>  s"  n* 

22.  Every  proprietary  company  shall  provide  a  book  to  List  of  share- 
be  called  the  "  Shareholders'  Address  Book,"  in  which  theholders- 
company  shall  cause  to  be  entered  from  time  to  time  in lb<' s* 12, 
alphabetical  order  the  corporate  names  and  places  of  business  of  the 
several  shareholders  of  the  company  being  corporations  and  the  sur- 
names of  the  several  other  shareholders  with  their  respective  Christian 
names  places  of  abode  and  descriptions  so  far  as  the  same  shall  be 
known  to  the  company ;  and  every  policyholder  or  shareholder  or  if 
such  shareholder  or  policyholder  be  a  corporation  the  clerk  or  agent  of 
such  corporation  may  at  all  convenient  times  peruse  such  book  gratis, 
and  the  company  shall  furnish  on  application  to  every  shareholder  and 
policyholder  of  the  company  a  copy  of  such  book  or  of  any  part  thereof 
on  payment  of  a  sum  not  exceeding  sixpence  for  every  hundred  words 
to  be  copied  for  such  purpose. 
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Deed  of  settle-  23.  Every  company  which  is  not  registered  under  "  The 
menttobe  Companies  Statute  1864"  shall  cause  a  sufficient  number 
printed.  Q£  copies  of  its  deed  of  settlement  act  or  charter  of  incor- 
poration or  other  instrument  regulating  the  constitution 
of  the  company  to  be  printed,  and  shall  furnish  on  application  to  every 
shareholder  and  policyholder  of  the  company  a  copy  thereof  on  payment 
of  a  sum  not  exceeding  Two  shillings  and  sixpence. 
Amalgamation  24.  Where  it  is  intended  to  amalgamate  two  or  more 
or  transfer.  companies  or  to  transfer  the  life  assurance  business  of  one 
lb.,  s.  14.  company  to  another  the  directors  of  any  one  or  more  of  such 
companies  may  apply  to  the  Court  by  petition  to  sanction  the  proposed 
arrangement,  fourteen  days  previous  notice  of  such  application  being 
published  in  the  Government  Gazette,  and  the  Court  after  hearing 
the  directors  and  other  persons  whom  it  considers  entitled  to  be  heard 
upon  the  petition  may  confirm  the  same  if  it  is  satisfied  that  no 
sufficient  objection  to  the  arrangement  has  been  established. 

Before  any  such  application  is  made  to  the  Court  notice  of  such 
application  together  with  a  statement  of  the  nature  of  the  amalgama- 
tion or  transfer  as  the  case  may  be  and  an  abstract  containing  the 
material  facts  embodied  in  the  agreement  or  deed  under  which  such 
amalgamation  or  transfer  is  proposed  to  be  effected  and  copies  of  the 
actuarial  or  other  reports  upon  which  such  agreement  or  deed  is 
founded  shall  be  forwarded  to  each  policyholder  of  both  companies  in 
case  of  amalgamation  or  to  each  policyholder  of  the  transferred  com- 
pany in  case  of  transfer  by  the  same  being  transmitted  through  the 
post  directed  according  to  the  registered  address  or  other  known 
address  of  such  policyholder  within  such  period  as  to  admit  of  being 
delivered  in  the  due  course  of  delivery  fourteen  days  at  least  before 
the  day  named  for  the  hearing  of  such  application,  and  in  proving 
such  service  it  shall  be  sufficient  to  prove  that  such  notice  was  properly 
addressed  and  put  into  the  post  office;  and  the  agreement  or  deed 
under  which  such  amalgamation  or  transfer  is  effected  shall  be  open 
for  the  inspection  of  the  policyholders  and  shareholders  at  the  office  or 
offices  of  the  company  or  companies  for  a  period  of  fifteen  days  after 
the  issuing  of  the  abstract  herein  provided. 

The  court  shall  not  sanction  any  amalgamation  or  transfer  in  any 
case  in  which  it  appears  to  the  Court  that  policyholders  representing 
one -fifth  or  more  of  the  total  amount  assured  in  any  company  which 
it  is  proposed  to  amalgamate,  or  in  any  company  the  business  of 
which  it  is  proposed  to  transfer  dissent  from  such  amalgamation  or 
transfer. 

No  company  shall  amalgamate  with  another  or  transfer  its  business 
to  another  unless  such  amalgamation  or  transfer  is  confirmed  by  the 
Court  in  accordance  with  this  section:  Provided  always  that  this 
section  shall  not  apply  in  any  case  in  which  the  business  of  any  com- 
pany which  is  sought  to  be  amalgamated  or  transferred  does  not 
comprise  life  assurance  business. 

statement  in  25.  When  an  amalgamation  takes  place  between  any 
^TatioTor"  comPanies>  or  when  the  business  of  one  company  is  trans- 
transfer!1  ferred  to  another  company,  the  combined  company  or 
33  and  34  Vict., the  purchasing  company  as  the  case  may  be  shall  within 
c  61,  s.  15.     j.en  cjayS  from  tilc  date  of  the  completion  of  the  amalga- 
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mation  or  transfer  deposit  at  the  office  of  the  Registrar-General 
certified  copies  of  statements  of  the  assets  and  liabilities  of  the  com- 
panies concerned  in  snch  amalgamation  or  transfer  together  with  a 
statement  of  the  nature  and  terms  of  the  amalgamation  or  transfer, 
and  a  certified  copy  of  the  agreement  or  deed  under  which  such  amal- 
gamation or  transfer  is  effected,  and  certified  copies  of  the  actuarial  or 
other  reports  upon  which  such  agreement  or  deed  is  founded ;  and  the 
statement  and  agreement  or  deed  of  amalgamation  or  transfer  shall 
be  accompanied  by  a  declaration  under  the  hand  of  the  chairman  of 
each  company  and  the  principal  managing  officer  of  each  company  that 
to  the  best  of  their  belief  every  payment  made  or  to  be  made  to  any 
person  whatsoever  on  account  of  the  said  amalgamation  or  transfer  is 
therein  fully  set  forth,  and  that  no  other  payments  beyond  those  set 
forth  have  been  made  or  are  to  be  made  either  in  money  policies  bonds 
valuable  securities  or  other  property  by  or  with  the  knowledge  of  any 
parties  to  the  said  amalgamation  or  transfer. 

26.  Where  a  company,  either  before  or  after  the  passing  Regulation  as 
of  this  Act  has  transferred  its  business  to  or  been  amal-  poncyhSrsby 
gamated  with  another  company  no  policyholder  in  the  35  and  36  viet., 
first-mentioned  company  who  shall  pay  to  the  other  com-  c-  41> s-  7- 
pany  the  premiums  accruing  due  in  respect  of  his  policy  shall  by 
reason  of  any  such  payment  made  after  the  passing  of  this  Act  or  by 
reason  of  any  other  act  done  after  the  passing  of  this  Act  be  deemed 
to  have  abandoned  any  claim  which  he  would  have  had  against  the 
first-mentioned  company  on  due  payment  of  premiums  to  such  com- 
pany or  to  have  accepted  in  lieu  thereof  the  liability  of  the  other 
company  unless  such  abandonment  and  acceptance  have  been  signified 
by  some  writing  signed  by  him  or  by  his  agent  lawfully  authorized. 

27.  Any  person  may  on  payment  of  such  fees  as  the 
Governor  in  Council  may  direct  inspect  at  the  office  offfi^^^'' 
the  Registrar- General  any  printed  or  other  document  documents, 
required  by  this  Act  to  be  deposited  at  such  office  and  ^3  and  34^vict., 
procure  copies  thereof. 

28.  Every  statement  abstract  or  other  document  de-  Documents  to 
posited  with  the  Registrar- General  under  this  Act  shall  be  be  received  in 
receivable  in  evidence ;  and  every  document  purporting  to  evidence- 

be  certified  by  the  Registrar- General  to  be  such  deposited Ib'' s* 18, 
document  and  every  document  purporting  to  be  similarly  certified  to 
be  a  copy  of  such  deposited  document  shall  if  produced  out  of  the 
custody  of  the  Registrar- General  be  deemed  to  be  such  deposited 
document  as  aforesaid  or  a  copy  thereof,  and  shall  be  received  in 
evidence  as  if  it  were  the  original  document  unless  some  variation 
between  it  and  the  original  document  shall  be  proved. 

29.  Every  company  which  makes  default  in  complying  Penalty  for  non- 
with  the  requirements  of  this  Act  and  shall  continue  incompliance 
such  default  for  three  days  after  notice  by  the  Registrar- 
General  or  any  person  interested  in  the  matter  of  such 
default  shall  be  liable  to  a  penalty  not  exceeding  Fifty  pounds  for 
every  day  during  which  the  default  continues ;  and  in  the  case  of  com- 
panies registered  under  "The  Companies  Statute  1864"  if  default 
continue  for  a  period  of  three  months  after  notice  of  default  by  the 
Treasurer,  which  notice  shall  be  published  in  one  or  more  newspapers 
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as  the  Treasurer  may  direct,  the  Court  may  order  the  winding  up 
of  the  company  in  accordance  with  "  The  Companies  Statute  1864' ' 
upon  the  application  of  one  or  more  policyholders  or  shareholders. 
Penalty  for  ^ any  s^a^emen^  abstract  or  other  document  required 

falsifying  state-  by  this  Act  is  false  in  any  particular  to  the  knowledge  of 
ments,  &c.  any  person  wh0  signs  the  same  such  person  shall  be  guilty 
lb.,  s.  19.  Qf  a  misdemeanour,  and  being  convicted  thereof  shall  be 
liable  at  the  discretion  of  the  Court  to  be  imprisoned  for  any  term 
not  exceeding  three  years  or  to  a  penalty  not  exceeding  One  hun- 
dred pounds. 

Application  of  31.  Every  penalty  imposed  by  this  Act  shall  be  applied 
ITand  34  Vict  *n  same  manner  as  penalties  imposed  by  "  The  Corn- 
c  6i,  s.  20.     '  panies  Statute  1864  "  are  applicable. 

Winding  up  of  32.  The  Court  may  order  the  winding  up  of  any  company 
company.  m  accor(iance  with  "  The  Companies  Statute  1864"  on  the 
lb.,  s.  21.  petition  of  five  or  more  policyholders  or  shareholders  upon 
its  being  proved  to  the  satisfaction  of  the  Court  that  the  company  is 
insolvent.  In  determining  whether  or  not  the  company  is  insolvent 
the  Court  shall  take  into  account  its  contingent  or  prospective  liability 
under  policies  and  annuity  and  other  existing  contracts.  The  Court 
shall  not  give  a  hearing  to  the  petition  until  security  for  costs  for 
such  amount  as  a  Judge  shall  think  reasonable  shall  be  given  and 
until  a  prima  facie  case  shall  also  be  established  to  the  satisfaction 
of  the  Judge.  In  the  case  of  a  proprietary  company  having  an 
uncalled  capital  of  an  amount  sufficient  with  the  future  premiums 
receivable  by  the  company  to  make  up  the  actual  invested  assets  equal 
to  the  amount  of  the  estimated  liabilities,  the  Court  shall  suspend 
further  proceedings  on  the  petition  for  a  reasonable  time  (in  the  dis- 
cretion of  the  Court)  to  enable  the  uncalled  capital  or  a  sufficient  part 
thereof  to  be  called  up,  and  if  at  the  end  of  the  original  or  any 
extended  time  for  which  the  proceedings  shall  have  been  suspended 
such  an  amount  shall  not  have  been  realized  by  means  of  calls  as  with 
the  already  invested  assets  shall  be  equal  to  the  liabilities  an  order 
shall  be  made  on  the  petition  as  if  the  company  had  been  proved 
insolvent. 

Winding  up  of  83.  Where  the  business  or  any  part  of  the  business  of 
subsidiary  com-  a  company  has,  either  before  or  after  the  passing  of  this 
ancuiary  to  Act,  been  transferred  to  another  company  under  an  arrange- 
winding  up  of  ment  in  pursuance  of  which  such  first-mentioned  company 

urincinal  com-     .        .  .  . 

pany.  (in  this  Act  called  the  subsidiary  company)  or  the  creditors 

35  and  36  Vict,  thereof  has  or  have  claims  against  the  company  to  which 
c.  41,  s.  4.  guc|?  transfer  was  made  (in  this  Act  called  the  principal 
company),  then  if  such  principal  company  is  being  wound  up  by  or 
under  the  supervision  of  the  Court,  either  at  or  after  the  passing  of 
this  Act,  the  Court  shall  (subject  as  hereinafter  mentioned)  order  the 
subsidiary  company  to  be  wound  up  in  conjunction  with  the  principal 
company,  and  may  by  the  same  or  any  subsequent  order  appoint  the 
same  person  to  be  liquidator  for  the  two  companies  and  make  pro- 
vision for  such  other  matters  as  may  seem  to  the  Court  necessary  with 
a  view  to  such  companies  being  wound  up  as  if  they  were  one  company, 
and  the  commencement  of  the  winding  up  of  the  principal  company 
shall  save  as  otherwise  ordered  by  the  Court  be  the  commencement  of 
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the  winding  up  of  the  subsidiary  company;  the  Court  nevertheless 
shall  have  regard  in  adjusting  the  rights  and  liabilities  of  the  members 
of  the  several  companies  between  themselves  to  the  constitution  of 
such  companies  and  to  the  arrangements  entered  into  between  the  said 
companies  in  the  same  manner  as  the  Court  has  regard  to  the  rights 
and  liabilities  of  different  classes  of  contributories  in  the  case  of  the 
winding  up  of  a  single  company,  or  as  near  thereto  as  circumstances 
admit. 

Where  any  subsidiary  company  or  company  alleged  to  be  subsidiary 
is  not  in  process  of  being  wound  up  at  the  same  time  as  the  principal 
company  to  which  it  is  subsidiary  the  Court  shall  not  direct  such 
subsidiary  company  to  be  wound  up  unless  after  hearing  all  objections 
(if  any)  that  may  be  urged  by  or  on  behalf  of  such  company  against  its 
being  wound  up  the  Court  is  of  opinion  that  such  company  is  sub- 
sidiary to  the  principal  company,  and  that  the  winding  up  of  such  com- 
pany in  conjunction  with  the  principal  company  is  just  and  equitable. 

An  application  may  be  made  in  relation  to  the  winding  up  of  any 
subsidiary  company  in  conjunction  with  a  principal  company  by  any 
creditor  or  policyholder  of  or  person  interested  in  such  principal  or 
subsidiary  company. 

Where  a  company  stands  in  the  relation  of  a  principal  company  to 
one  company  and  in  the  relation  of  a  subsidiary  company  to  some  other 
company,  or  where  there  are  several  companies  standing  in  the  relation 
of  subsidiary  companies  to  one  principal  company,  the  Court  may 
deal  with  any  number  of  such  companies  together  or  in  separate 
groups  as  it  thinks  most  expedient,  upon  the  principles  laid  down 
in  this  section. 

34.  The  Court  in  the  case  of  a  company  which  has  Court  may  re- 
been  proved  to  be  insolvent  may  if  it  tbinks  fit  reduce duce  contracts* 
the  amount  of  the  contracts  of  the  company  upon  such  c^^g3^. 1C 
terms  and  subject  to  such  conditions  as  the  Court  thinks 

just,  in  place  of  making  a  winding-up  order. 

35.  Where  application  is  being  made  to  the  Court  to  Valuation  of 
wind  up  a  company  or  where  a  company  is  being  wound  p0Tiries?S  an 
up  by  the  Court  or  subject  to  the  supervision  of  the  Court  35  aiui  3*5  vict., 
or  voluntarily,  the  value  of  every  life  annuity  and  life c-  41» s-  5- 
policy  requiring  to  be  valued  shall  be  estimated  in  manner 
provided  by  the  Tenth  Schedule  to  this  Act.  Tenth  Schedule. 

36.  The  rules  in  the  Tenth  and  Eleventh  Schedules  to  Rules in  Tenth 
this  Act  shall  be  of  the  same  force  as  if  they  were  rules  schedules  to^e 
made  in  pursuance  of  the  one  hundred  and  fifty-fourth rules  of  Court- 
section  of  "The  Companies  Statute  1864,"  and  may  be  lh> s-  6- 
altered  in  manner  provided  by  the  said  section,  and  rules  may  be  made 
under  the  said  section  for  the  purpose  of  carrying  into  effect  the  pro- 
visions of  this  Act  with  respect  to  the  winding  up  of  companies. 

37.  The  property  and  interest  of  any  person  to  the  interest  of 
extent  of  One  thousand  pounds  in  the  whole  in  any  policy  nabie^debts 
or  policies  of  assurance  on  his  own  life  shall  not  be  subject  in  certain  cases, 
to  be  seized  or  taken  in  execution  under  the  process  of  any  Court,  and 
in  the  event  of  the  insolvency  of  such  person  shall  not  vest  in  the 
assignee  or  trustee  of  his  estate  unless  such  insolvency  occurs  within 
two  years  after  the  date  of  the  policy,  and  on  the  death  of  such  person 
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shall  not  be  assets  for  the  payment  of  his  debts;  but  if  he  die  within 
two  years  after  the  date  of  the  policy  a  portion  of  the  sum  assured 
equal  to  the  amount  of  premiums  actually  paid  shall  be  assets  for 
the  payment  of  his  debts.  In  this  section  the  term  "insolvency" 
includes  liquidation  by  arrangement  and  composition  with  creditors 
under  any  Act  now  or  hereafter  to  be  in  force. 

Probate  or  3g#  Upon  the  death  of  any  holder  of  a  policy  upon  his 

administration  rp  ;  j-       r\       v.      j     J  J  t 

may  be  dis-  own  hie  for  a  sum  not  exceeding  One  hundred  pounds  if 
certain  oases"1  no  ProDate  of  his  will  or  letter  of  administration  to  his 
estate  be  taken  out  within  three  months  after  his  death 
the  company  may  pay  the  amount  of  such  policy  to  his  widow  or  any 
adult  child  of  his,  and  the  receipt  of  such  widow  or  child  shall  be  a 
valid  discharge  both  at  law  and  in  equity  for  the  same. 
Assignment  of  39.  Every  assignment  of  a  policy  shall  be  by  memoran- 
Tweifth  ^um  °^  ^rans^er  endorsed  upon  such  policy  in  the  form  con- 
Scheduie.  tained  in  the  Twelfth  Schedule  to  this  Act  and  signed  or  in 
the  case  of  a  Corporation  sealed  by  the  transferror  and  transferree,  and 
no  assignment  shall  be  of  any  validity  until  registered  as  hereinafter 
provided.  Notice  of  every  assignment  shall  be  given  to  the  company 
for  the  time  being  liable  upon  the  policy  assigned.  Such  assignment 
shall  be  registered  in  a  book  to  be  provided  by  the  company  for  that 
purpose,  and  the  date  of  such  registration  shall  be  inserted  in  the 
memorandum  of  transfer  which  shall  also  be  signed  by  the  principal 
officer  managing  the  life  assurance  business  of  the  company  in  Victoria, 
and  thereafter  the  assignee  may  sue  as  well  at  law  as  in  equity  in  his 
own  name  on  the  policy  assigned,  and  the  receipt  of  such  assignee  shall 
be  a  valid  discharge  both  at  law  and  in  equity  for  all  moneys  payable 
thereunder.  Every  such  memorandum  of  transfer  signed  as  last  afore- 
said shall  be  conclusive  evidence  of  the  registration  thereof  and  of  the 
date  of  such  registration. 

No  notice  of  40  •  If  any  policy  be  assigned  by  way  of  mortgage  or 
mortgage  or  upon  any  trust  such  mortgage  or  trust  shall  be  effected 
by  way  of  defeasance  or  declaration  of  trust  by  some 
separate  instrument  and  no  notice  of  any  such  mortgage  or  trust  shall 
be  entered  on  the  memorandum  of  transfer  nor  endorsed  on  the  policy, 
and  the  company  shall  not  be  affected  either  by  express  implied  or 
constructive  notice  of  any  such  mortgage  or  trust  nor  be  bound  or 
concerned  to  see  to  the  application  of  any  moneys  payable  under  such 
policy. 

Notices  to  41.  Any  notice  which  is  by  this  Act  required  to  be  sent 

policyholders.  ^0  any  policyholder  may  be  addressed  and  sent  to  the  person 
c3 ^L1^ 323VlCt" *  ^°  wn°m  notices  respecting  such  policy  are  usually  sent, 
and  any  notice  so  addressed  and  sent  shall  be  deemed  and 
taken  to  be  notice  to  the  holder  of  such  policy. 
Statements,  42.  The  Treasurer  shall  Lay  annually  before  Parlia- 
befor^Parlfa^  ment  the  statements  and  abstracts  of  reports  deposited 
ln(;ut-  with  the  Registrar-General  under  this  Act  during  the 

jb.  s.  24.         preceding  year. 
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SCHEDULES. 

FIEST  SCHEDULE. 
The  Compact. 

We  the  undersigned  hereby  make  application  to  register  the  above-named 
company  under  the  provisions  of  "The  Life  Assurance  Companies  Act  1873"  as 
a  company  having  [or  not  having]  secured  assets  in  Victoria : — 

1.  The  name  of  the  company  is 

2.  The  head  office  or  principal  place  of  business  of  the  company  is  at 

street,  London  [or  as  the  case  may  be], 

3.  The  head  office  or  principal  place  of  business  of  the  company  in  Victoria 

is  at 

4.  The  chairman  of  the  company  in  Victoria  is  [insert  name  in  full  address 

and  occupation]. 

5.  The  directors  [or  committee  of  management  or  managing  body]  of  the  com- 

pany in  Victoria  are  [insert  names  in  full  addresses  and  occupations']. 

6.  The  principal  officer  [or  agent]  managing  the  life  assurance  business  of 

the  company  in  Victoria  is 

7.  The  nominal  capital  of  the  company  [if  any]  is  pounds  in 

shares  of  each. 

8.  The  number  of  shares  subscribed  for  is  and  the  amount  per 

share  paid  up  to  this  date  is 

9.  The  amount  of  assets  of  the  company  now  invested  in  Victoria  and 

intended  to  be  appropriated  as  secured  assets  within  the  meaning  of 
"  The  Life  Assurance  Companies  Act  1873"  is  [in  the  case  of  a  com- 
pany to  be  registered  as  not  having  secured  assets  in  Victoria  insert 
"nil"]. 

Dated  this  day  of  18 

A.B.,  Chairman, 

CD.,  Secretary  [or  Manager,  or  Agent, 
or  as  the  case  may  be]. 

Witness  to  signatures — 
E.F. 

We,  A.B.  and  CD.,  do  severally  solemnly  and  sincerely  declare  that — 

1.  We  are  respectively  the  chairman  and  secretary  [or  manager  or  agent  or 

as  the  case  may  be]  of  the  above-named  company. 

2.  The  above  statement  is,  to  the  best  of  our  knowledge  and  belief,  true  in 

every  particular. 

And  we  make  this  solemn  declaration  conscientiously  believing  the  same  to 
be  true,  and  by  virtue  of  the  provisions  of  an  Act  of  Parliament  of 
Victoria  rendering  persons  making  a  false  declaration  punishable  for 
wilful  and  corrupt  perjury. 
Taken  before  me,  &c, 

,  j.p. 
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section  SECOND  SCHEDULE. 

9. 

The  Company. 
Increase  oe  Secured  Assets  in  Victoria. 

We  the  undersigned  hereby  give  notice  that  the  amonnt  of  assets  of  the  com- 
pany now  invested  in  Victoria  and  intended  to  be  appropriated  as  secured  assets 
within  the  meaning  of  "  The  Life  Assurance  Companies  Act  1873"  is 
pounds,,  being  pounds  in  addition  to  the  amount  of  pounds 

already  registered. 

A.B.,  Chairman, 

CD.,  Secretary  [or  Manager,  or  Agent 
or  as  the  case  may  be~\. 

Witness  to  signatures — 
E.F. 


Section 
.  14. 


THIED  SCHEDULE. 

Keyenue  Account  of  the  for  the  year  ending 


18  . 

[Date.'] 

Amount  of  funds  at  the  begin- 
ning of  the  year  . 

Renewal  premiums  after  deduc- 
tion of  reassurance  premiums 

New  premiums  (after  deduction 
of  re-assurance  premiums)  on 
new  policies  assuring 
£  and  yielding  an  annual 
revenue  of  £  after  deduc- 
tion of  re -assurances 

Consideration     for  annuities 
granted.  . 

Interest  and  dividends 

Other  receipts  (accounts  to  be 
specified)  . 


18  . 

[Late.'] 

Claims  under  policies  (after  de- 
duction of  sums  re-assured)  . 

Surrenders  . 

Annuities  

Commission  . 

Expenses  of  management  . 

Dividends  and  bonuses  to  share- 
holders (if  any) 

Other  payments  (accounts  to  be 
specified)      .       .       .  . 

Amount  of  funds  at  the  end  of 
the  year  as  per  Fourth  Sche- 
dule   


£  s.d 


£ 


Note  1. — Companies  having  separate  accounts  for  annuities  to  return  the 
particulars  of  their  annuity  business  in  a  separate  statement. 

Note  2. — Items  in  this  and  in  the  accounts  in  the  Fifth  and  Seventh  Schedules 
should  be  the  net  amounts  after  deduction  of  the  amounts  paid  and  received  in 
respect  of  re-assurances. 
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Liabilities. 
Shareholders'  capital  paid  up 

(if  any)  .... 
Assurance  fund  . 
Annuity  fund  (if  any) 
Other  funds  (if  any  to  be 

specified)        .       .  . 


Total  funds  as  per  Third  Schedule  . 
Claims  admitted  but  not  paid* 
Other  sums  owing  by  the  company 
(accounts  to  be  specified)*  . 


£s.d. 


Assets. 
In  Victoeia — 

Victorian  Government  securities 
Other  Government  securities  (par 

ticulars  to  be  specified) 
Mortgages  .... 
Loans  on  the  company's  policies 
Loans  upon  personal  security 
Railway  and  other  debentures  and 

debenture  stocks 
Railway  shares  (preferential  and 

ordinary)  . 
House  property 
Other  investments  (to  be  specified) 
Agents'  balances  . 
Outstanding  premiums . 
Outstanding  interest 
Cash — 

On  deposit 
In  hand  and  on  current  account 
Other  assets  (to  be  specified)  . 

Total  assets  in  Victoria 

Elsewheee  than  in  Victoeia — 
British  Government  securities 
Indian  and  Colonial  Government 

securities  .... 
Foreign  Government  securities 
Mortgages  \_stating  where~]  . 
Loans  on  the  company's  policies 
Loans  upon  personal  security 
Railway  and  other  debentures  and 

debenture  stocks 
Railway  shares  (preferential  and 

ordinary)  .... 
House  property  \_stating  where"] 
Other  investments  (to  be  specified) 
Agents'  balances  . 
Outstanding  premiums . 
Outstanding  interest 
Cash — 

On  deposit 
In  hand  and  on  current  account 
Other  assets  (to  be  specified)  . 

Total  assets  elsewhere  than 
in  Victoria 


Total  assets 


£s.  d. 


£s.  d. 


*  These  items  are  included  in  the  corresponding  items  in  the  Third  Schedule, 
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Section 
15. 


FIFTH  SCHEDULE. 
Keyenue  Accounts  of  the  for  the  year  ending 

(No.  1.) — LlPE  AsSUEANCE  ACCOUNT. 


[Date.'] 

Amount  of  life  assurance  fund  at 
the  beginning  of  the  year 

Renewal  premiums  after  deduc- 
tion of  reassurance  premiums 

New  premiums  (after  deduction 
of  reassurance  premiums)  on 
new  policies  assuring 
£  and  yielding  an  annual 
income  of  £  after  deduc- 
tion of  reassurances 

Consideration    for  annuities 
granted  

Interest  and  dividends 

Other  receipts  (accounts  to  be 
specified)  . 


£s.  d. 


£ 


[_Date.~] 

Claims  under  life  policies  (after 

deduction  of  sums  reassured) 
Surrenders  . 
Annuities  .       .       .  . 
Commission  . 
Expenses  of  management  . 
Other  payments  (accounts  to  be 

specified)  . 
Amount  of  life  assurance  fund  at 

the  end  of  the  year  as  per  Sixth 

Schedule  . 


£  s.  d. 


£ 


Note. — Companies  having  separate  accounts  for  annuities  to  return  the  par- 
ticulars of  their  annuity  business  in  a  separate  statement. 

(No.  2.)— Fire  Account,  and  (No.  3.) — Peoeit  and  Loss  Account, 

Are  the  same  as  in  the  British  Act. 


Section 
15. 


SIXTH  SCHEDULE. 
Balance-Sheet  of  the  on  the 


18 


Liabilities. 
Shareholders'  capital 
General  reserve  fund  (if  any) 
Life  assurance  fund* 
Annuity  fund  (if  any)*  . 
Fire  fund 
Marine  fund  . 
Profit  and  loss  (if  any)  . 
Other  funds  (if  any  to  be  specified) 

£ 

Claims  under  life  policies  admitted 

but  not  yet  paid# 
Outstanding  fire  losses  . 
Outstanding  marine  losses 
Other  sums  owing  by  the  company 

(accounts  to  be  specified)  . 


£5.  d. 


£ 


Assets. 
(As  in  the  4th  Schedule.) 


£  s.  d. 


£ 


*  If  the  life  assurance  fund  is  in  accordance  with  section  three  of  this  Act,  a 
separate  trust  fund  for  the  sole  security  of  the  life  policyholders,  a  separate 
balance-sheet  for  the  life  branch  may  be  given  in  the  form  contained  in  Fourth 
Schedule.  In  other  respects  the  company  is  to  observe  the  above  form.  See  also 
Note  to  Fourth  Schedule. 
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SEVENTH  SCHEDULE. 
Policies  of  the  in  force  on  the  18 


Number. 

In  Victoria. 

Number. 

Elsewhere. 

Assurance 

for  £ 

For  £ 

Endowment 

„  £ 

Annuity  (per  an.) 

»  £ 

„  £ 

Fire 

»  £ 

Marine 

„  £ 

„  £ 

Other  policies  (if  any) 

„  £ 

>,  £ 

EIGHTH  SCHEDULE.  Section 

Is  the  same  as  the  5th  Schedule  of  the  British  Act,  except  that  the  form  for  10 
the  Summary  and  Valuation  contains,  below  the  totals  of  the  columns,  two  addi- 
tional lines,  to  contain  the  totals  of  the  results  "  In  Victoria"  and  "Elsewhere". 


NINTH  SCHEDULE. 

Is  the  same  as  the  6th  Schedule  of  the  British  Act. 


Section 
18. 


TENTH  and  ELEVENTH  SCHEDULES. 
Are  the  same  as  the  1st  and  2nd  Schedules  respectively  of  the  British  Act  of  ' 


1872. 


Sections 
>  an 
36. 


TWELFTH  SCHEDULE. 
Memorandum  of  Transfer 


Section 
39. 


Date  of 
Transfer. 


Signature 
of 

Transferror. 


Witness. 


Transferree. 


Name  in 
full. 


Address. 


Occupation. 


Signature 
of 

Transferree. 


Witness. 


Date  of 
Registra- 
tion of 
Transfer. 


Signature 
of  principal 
Officer  of 
Company. 


COERESPONDENCE. 


MR.  DEUCHAR'S  PAPER  ON  NEGATIVE  POLICY  VALUES. 

To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sir, — The  employment,  in  valuations,  of  negative  policy  values  is 
a  matter  of  such  vital  importance  to  life  assurance  offices,  that  the 
point  raised  in  Mr.  Deuchar's  paper,  that  these  will  not  affect  an  office 
valuing  septennially  so  materially  as  one  valuing  more  frequently, 
requires  to  be  thoroughly  proved  before  it  be  admitted;  and  as  I  think 
the  arguments  urged  by  him  in  favour  of  his  proposition  entirely 
inadmissible,  perhaps  you  will  allow  me  to  point  out  wherein,  in  my 
opinion,  the  fallacy  of  his  position  lies. 

I  take  two  offices,  A  and  B,  starting  together  and  each  doing  an 
annual  new  business  of  1,000  policies  of  £300  each,  age  at  entry  40, 
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premium  £9.  12s.,  expenses  10  per-cent;  both  offices  to  value  their 
gross  premiums  less  15  per-cent  by  the  Institute  tables  at  4  per-cent 
interest,  but  to  allow  one  third  of  the  premiums  paid  as  a  surrender 
value  after  payment  of  three  premiums.  Then,  if  the  rate  of  mortality 
experienced  coincide  with  that  to  be  expected  by  the  Institute  tables, 
and  the  rate  of  discontinuance  be  as  assumed  in  column  2,  the 
experience  of  the  offices  will  be  represented  by  the  following  table : — 


Year. 

Rate  of  discon- 
tinuance. 

Entered. 

Died. 

Discon- 
tinued. 

1 

•060 

1,000 

10 

60 

2 

•043 

930 

10 

40 

3 

•039 

880 

9 

34 

4 

•033 

837 

9 

28 

5 

•030 

800 

9 

24 

6 

•026 

767 

9 

20 

7 

•024 

738 

10 

18 

8 

•021 

710 

10 

15 

9 

•019 

685 

10 

13 

10 

•017 

662 

10 

11 

11 

•015 

641 

10 

10 

12 

•014 

621 

10 

9 

13 

•012 

602 

11 

7 

14 

•012 

584 

11 

7 

Let  A  value  annually,  and  B  septennially.  The  above-mentioned 
mode  of  valuation  will  have  the  effect  of  giving  negative  values  to  all 
policies  for  the  first  three  years,  and  of  making  a  reserve  insufficient 
to  pay  the  surrender  value  for  a  further  period  of  three  years.  Now, 
assuming  all  the  premiums  due  on,  say,  1st  January,  and  the  claims 
all  paid  during  the  year,  but  the  laj)ses  and  surrenders  not  to  be 
notified  to  the  office  until  the  1st  January  following,  if  the  valuation 
be  made  on  31st  December,  the  number  of  policies  to  be  valued  will 
be  equal  to  the  number  of  entrants  of  the  year,  less  the  deaths  therein ; 
and  the  full  effects  of  taking  credit  for  negative  values  will  be  felt,  for 
the  office  will  reckon  as  assets  all  the  policies  of  less  than  three  years' 
standing,  some  of  which  will  lapse  next  day,  and  for  many  others  it 
will  make  a  reserve  too  small  to  pay  the  surrender  value  to  be  allowed  on 
the  morrow.    The  reserve  in  each  year  made  by  A  will  be  as  follows  : — 


Age  of 

No.  of 

Value. 

Reserve. 

policies. 
Years. 

policies  valued. 

£ 

£ 

1 

990 

-13,151 

-  13,151 

2 

920 

-  7,877 

-  21,028 

3 

871 

-  3,209 

-  24,237 

4 

828 

+  1,103 

-  23,134 

5 

791 

5,123 

-  1S,011 

6 

758 

8,880 

-  9,131 

7 

728 

12,381 

+  3,250 

8 

700 

15,658 

18,908 

9 

675 

18,780 

37,688 

10 

652 

21,752 

59,440 

11 

631 

24,622 

84,062 

12 

611 

27,378 

111,110 

13 

591 

29,973 

141,413 

14 

573 

32,491 

173,904 

+ 198,141 

173,904 

-  24,237 

And  the  premiums  received,  claims,  surrenders,  and  expenses,  paid  as 
in  the  following  table  : 
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Year. 

Prpnn'nmc! 

JL  1  t  IllUUllo, 

VlCliilllOt 

TIydptisps 

# 

8 

63,955 

22,800 

1,062 

6,396 

9 

70,531 

25,800 

1,350 

7,053 

10 

76,886 

28,800 

1,641 

7,689 

11 

83,040 

31,800 

1,923 

8,304 

12  - 

89,002 

34,800 

2,210 

8,900 

13 

94,781 

38,100 

2,499 

9,478 

14 

100,387 

41,400 

2,745 

10,039 

Suppose  4^  per-cent  to  be  the  rate  of  interest  at  which  the  average 
of  the  funds  at  the  beginning  and  end  of  the  year  is  invested,  and  let 
us  follow  the  proceedings  of  both  offices  from  the  commencement  of 
the  2nd  septennium,  both  beginning  the  year  with  funds  in  hand 
amounting  to  £3,250,  to  meet  a  valuation  showing  positive  values  of 
£27,487,  and  negative  values  of  £24,237,  and  we  shall  find  the  results 
to  be  as  follows  : — 


A. 

Year. 

Funds, 
1st  Jan. 

Funds, 
31st  Dec. 

Reserve. 

Amount 
divided. 

£ 

£ 

£ 

£ 

8 

3,250 

37,872 

18,908 

18,964 

9 

18,908 

56,943 

37,688 

19,255 

10 

37,688 

79,071 

59,440 

19,631 

11 

59,440 

104,133 

84,062 

20,071 

12 

84,062 

132,016 

111,440 

.  20,576 

13 

111,440 

162,303 

141,413 

20,890 

14 

141,413 

195,189 
B. 

173,904 

21,285 

Year. 

Funds,  1st  Jan. 

Funds,  31st  Dec. 

£ 

£ 

8 

3,250 

37,872 

9 

37,872 

76,780 

10 

76,780 

119,963 

11 

119,963 

167,443 

12 

167,443 

219,235 

13 

219,235 

275,061 

14 

275,061 

334,990 

Now,  the  amount  of  B's  reserve  at  the  end  of  the  period  will  be 
the  same  as  A's,  and  B  will  therefore  distribute  as  profit  (£334,990 
less  £173,904)  £161,086.  If,  however,  we  accumulate  at  per- 
cent the  various  amounts  divided  by  A  until  the  end  of  the  septennium, 
we  shall  find  that  they  fall  short  of  the  amount  now  divided  by  B  by 
£494;  and  the  reason  for  this  apparent  deficiency  is  somewhat 
curious.  The  amount  that  A  divides  at  the  end  of  the  8th  year  is 
retained  by  B  and  forms  part  of  those  funds  whose  average  amount 
at  the  beginning  and  end  of  the  year  is  invested  at  4^-  per-cent,  so 
that  if  m  be  the  amount  distributed  by  A,  and  n  its  amount  at  the 
end  of  the  year,  i  being  the  rate  of  interest,  we  have — 

m  +  n 

— - —  xi=n—m, 
JL 

»(i-i)=*(i+j), 
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If  *=-045, 
wehavew=mx  1046036; 

so  that  the  amounts  divided  by  A  must  be  invested  at  4*6036  per- 
cent to  amount  to  the  sum  now  divided  by  B,  since  that  is  the  rate 
B  has  made  on  these  sums  it  has  hitherto  retained. 


Sum  divided 

Amount  at 

Amount  at 

Year. 

by  A. 

4*5  per-cent. 

4*6036  per-cent. 

£ 

£ 

£ 

8 

18,964 

24,696 

24,844 

9 

19,255 

23,995 

24,115 

10 

19-631 

23,411 

23,503 

11 

20,071 

22,905 

22,973 

12 

20,576 

22,470 

22,514 

13 

20,890 

21,830 

21,852 

14 

21,285 

21,285 

21,285 

160,592 

161,086 

At  first  sight  it  would  appear  that  A  would  distribute  a  larger 
amount  than  B,  since,  in  each  of  the  seven  years,  policies  in  the 
former  office  bearing  negative  values  have  been  discontinued  and  the 
surplus  shown  by  their  means  already  distributed  in  cash;  but  a 
little  consideration  will  show  that  this  is  not  the  case.  The  first 
year  of  the  septennium  A  starts  with  assets  of  £3,250  in  cash  and 
£24,237  in  negative  values,  against  a  positive  liability  of  £27,487. 
Certain  of  these  negative  values  turn  out  illusory,  the  policies  repre- 
senting them  not  being  kept  up;  but  as  the  liability  originally  set 
against  them  remains,  there  is  a  deficiency  at  the  end  of  the  year 
which  has  to  be  made  good  out  of  any  actual  profit  A  may  have 
made  during  the  year  on  its  older  policies.  Then,  in  order  to  balance 
the  account  and  to  declare  a  bonus,  A  swells  its  funds  with  a  fresh 
amount  of  negative  values  on  which  similar  losses  are  incurred  in 
the  ensuing  year,  and  have  to  be  defrayed  in  like  manner.  The 
fundamental  error  in  this  argument  is  in  supposing  that  A  can 
distribute  as  profit  cash  in  hand,  and  set  negative  values  against 
positive  liabilities  without  having  in  the  following  year  to  repay  with 
interest  the  loss  arising  out  of  its  negative  values  before  the  office 
proceeds  to  make  another  division.  B  in  the  early  part  of  the  sep- 
tennium suffers  the  same  losses  as  A,  through  taking  into  account  the 
negative  values  with  which  they  both  begin  the  period  under  obser- 
vation; but  as  B  makes  no  valuation  and  no  distribution,  it  does  not 
make  the  profit  which  A  claims  to  do,  and  consequently  does  not 
incur  the  losses  that  A  suffers,  but  goes  on  year  by  year  increasing  its 
funds  until  the  end  of  the  septennium,  when  it  has  a  surplus  accord- 
ing to  the  method  of  valuation  employed,  of  £136,841)  (£331,090 
less  a  positive  liability  of  £198,141)  ;  but  not  satisfied  with  this  B 
swells  its  funds — or  what  comes  to  the  same  thing,  reduces  its  liability 
— by  the  same  amount  of  negative  values,  £24,237,  that  A  makes 
use  of  in  the  same  year,  and  divides  £161,086,  a  sum  as  I  have  shown 
above,  equal  in  amount  to  the  several  sums  divided  by  A  during  the 
septennium. 

I  am,  Sir,  your  obedient  servant, 

5  Whitehall,  S.W.,  W.  T.  GI1AY. 

2  Feb.  1876. 
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On  Mutual  Life  Assurance;  its  Aims  and  Objects,  and  the  Means 
of  attaining  them.  By  John  M.  Templeton,  Actuary 
and  Secretary  of  the  National  Mutual  Life  Association  of 
Australasia,  Limited,  and  Fellow  of  the  Institute  of  Actuaries. 

[Read  before  the  Institute  27  November  1876.] 

I  MAY  say  at  the  outset,  that  the  object  of  the  present  paper  is 
not  to  discuss  the  merits  of  Mutual  Assurance,  as  distinguished 
from  the  other  systems  of  Life  Assurance,  but  to  consider  whether 
there  are  not  special  circumstances  connected  with  that  system 
which  demand  the  attention  of  the  professional  actuary. 

In  the  discussion  of  a  paper  read  before  the  Institute  last 
session,  one  of  the  speakers  is  reported  to  have  said,  "  There  is,  of 
"  course,  a  very  marked  difference  between  the  mutual  and  pro- 
"  prietary  companies.  In  the  one  case  the  rate  of  profit  has  only 
"  to  be  considered,  but  in  proprietary  offices  the  profit  to  the 
"  shareholders  has  to  be  thought  of".  I  would  add  to  that  state- 
ment, that  the  difference  is  so  very  marked  that,  under  certain 
circumstances,  they  require  very  different  modes  of  treatment. 

The  main  difference  betwTeen  mutual  societies  and  other  life 
assurance  companies  is,  that  in  the  former  there  are  no  proprietors 
except  the  policyholders,  who  themselves  conduct  the  business  for 
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the  sake  of  getting  the  greatest  amount  of  assurance  at  the  smallest 
possible  cost,  while  in  the  latter  the  proprietors  are  a  distinct 
body,  who  conduct  the  business  for  the  sake  of  making  a  profit 
out  of  it. 

The  ultimate  aim  of  a  mutual  assurance  society  may  be  thus 
expressed, — to  grant  to  its  members  assurances  of  a  value  as  nearly 
as  possible  equal  to  that  of  the  premiums  which  they  pay — in 
other  words — to  grant  assurances  at  cost  price.  If  the  rate  of 
mortality,  the  rate  of  interest,  and  the  expenses  of  management, 
were  matters  of  absolute  certainty,  and  could  be  explicitly  expressed, 
the  objects  of  the  society  would  be  carried  out  by  calculating  tables 
of  premiums  under  which  every  member  would  be  charged  the 
exact  premium  necessary  to  provide  the  sum  assured  at  his  death 
and  to  pay  his  share  of  the  expenses  of  management;  and  in  such 
a  case,  of  course,  there  never  would  be  any  surplus  or  profit,  nor 
would  there  be  any  necessity  for  periodical  valuations  of  policies. 
But  as  these  elements  are  all  of  them  more  or  less  uncertain, 
and  liable  to  fluctuations,  the  premiums  must  be  calculated  with 
margins  sufficient  to  provide  against  the  greatest  probable  adverse 
fluctuations. 

Having  calculated  a  table  of  the  net  or  pure  premiums  necessary 
to  cover  the  risk  of  assurance,  according  to  the  table  of  mortality 
which  he  considers  to  be  the  best  exponent  of  the  probabilities  of 
the  future,  and  the  minimum  rate  of  interest  which  will  most 
probably  be  realized  during  the  whole  period  of  the  duration  of  the 
policies,  the  actuary  is  called  upon  to  decide  what  loading  shall  be 
added  to  these  premiums  to  provide  for  the  expenses  of  management 
and  for  future  contingencies.    As  this  loading  is  intended  to  provide 
for  contingencies  which  are  unknown  and  expenses  which  are 
uncertain,  its  amount  must  be  fixed  arbitrarily  by  the  actuary,  who 
will  be  guided  by  his  own  experience  and  foresight — the  error  in 
the  amount  of  loading  should  be  on  the  side  of  prudence  and 
caution;  for  the  safety  and  success  of  the  institution  depend  upon 
its  being  ample.    But  not  only  should  it  be  ample,  but  it  should 
also  be  equitable  as  between  the  various  members — for  every  member 
should  contribute  his  fair  share  to  the  fund  for  expenses  and  con- 
tingencies.   The  ordinary  method  is  to  add  a  percentage  to  the 
risk  premiums,  but  this  method  appears  to  me  to  bear  too  heavily 
on  the  members  at  the  higher  ages: — thus,  a  member  entering  at 
age  60  would  be  compelled  to  contribute  to  the  fund  for  expenses 
and  contingencies  four  times  as  much  annually  as  the  member 
entering  at  age  20,  simply  because  he  necessarily  pays  a  risk 
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premium  four  times  as  great — yet  we  know  that  the  expenses 
incurred  in  connection  with  policies  do  not  increase  in  proportion 
to  the  risk  premium.  Another  method,  recently  recommended  by 
some  actuaries,  is  to  add  a  compound  loading,  consisting  of  a 
percentage  on  the  risk  premium  and  a  constant  at  all  ages.  This 
appears  to  me  to  be  a  more  equitable  method,  and  is  the  one  I 
myself  should  recommend.  Before  leaving  this  question  of  the 
construction  of  premiums,  I  may  say,  that  while  I  believe  that  the 
office  annual  premium  should  be  uniform  throughout  life,  as  being 
the  most  convenient  to  the  bulk  of  insurers,  yet  I  do  not  think  it 
necessarily  follows  that  its  component  parts — risk  premium  and 
loading — should  each  be  uniform  throughout  life.  I  can  see  no 
objection  to  the  method  of  calculating  the  net  premiums,  mentioned 
by  Mr.  Curtis  in  the  discussion  on  Mr.  Macfadyen's  paper,  read 
before  the  Institute  in  May  1875,  namely,  that  they  may  be  made 
small  for  the  first  year  of  assurance  and  increased  afterwards 
arbitrarily  until  they  become  uniform  for  the  remainder  of  life — 
the  office  annual  premium  being  made  uniform  throughout,  by 
adding  a  large  loading  for  the  first  year  and  decreasing  it  until  it 
becomes  uniform  for  the  remainder  of  life.  This  should,  of  course, 
be  subject  to  the  proviso  quoted  by  Mr.  Curtis  from  the  258th 
paragraph  of  "Jones  on  Annuities",  that  the  pure  premiums  "in 
u  the  first  instance  be  sufficient  to  cover  the  risk  of  the  term  during 
which  they  are  payable,  namely,  not  less  than  the  annual  premium 
"for  a  temporary  assurance  for  the  same  term".  This  method 
of  constructing  the  office  premiums  is  more  consistent  with  the 
purposes  for  which  they  are  intended,  and  it  has  this  advantage, 
that  it  enables  the  office  to  pay  the  heavy  expenditure  inseparable 
from  the  obtaining  of  new  business,  without  encroaching  upon  the 
pure  or  risk  premiums. 

I  have  only  referred  to  the  construction  of  the  ordinary  whole - 
life  table  of  premiums,  but  the  same  principles  can  be  applied  to 
the  construction  of  tables  for  the  other  classes  of  policies. 

All  the  tables  of  premiums,  then,  having  been  constructed  on 
principles  which  are  fair  and  equitable,  or  as  nearly  so  as  can  be 
ascertained  by  actuarial  skill,  we  may  assume  that,  at  the  outset, 
the  members  start  on  equal  terms;  and  our  next  enquiry  is,  as  to 
the  adjustments  which  have  to  be  made  from  time  to  time,  in  order 
to  conserve  the  rights  of  all  the  members,  and  at  the  same  time 
to  approach  as  nearly  as  possible  to  the  ultimate  aim  of  the  Society, 
namely,  to  make  the  value  of  the  amounts  assured  as  nearly  as 
possible  equal  to  the  value  of  the  members'  premiums.  This 
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brings  me  to  the  question  of  the  periodical  valuations  and  divisions 
of  profit. 

Mr.  Sprague,  in  his  paper  "  On  the  Proper  Method  of  Estimating 
"  the  Liability  of  a  Life  Insurance  Company  under  its  Policies 
says,  "  the  object  of  the  actuary  in  making  a  valuation  should  be, 
"  to  equalize  the  profits  of  the  company ;  in  other  words,  to  spread 
"  the  profit  derivable  from  each  policy  or  class  of  policies,  as  far  as 
"  possible  uniformly  over  their  continuance".  This  may  be  a  very 
good  maxim  in  the  case  of  a  proprietary  company,  "where  the 
"  profit  to  the  shareholders  has  to  be  thought  of but  it  appears 
to  me  to  be  quite  inapplicable  to  the  case  of  a  mutual  office,  in 
which  the  aim  is  to  give  the  members  the  full  value  of  their  con- 
tributions. The  object  of  the  actuary  in  making  a  valuation  of 
a  mutual  society  should  be  to  ascertain  the  true  position  of  the 
society,  and  what  adjustments  (if  any)  are  necessary  in  order  to 
carry  out  its  objects.  But  what  method  of  valuation  must  be 
adopted  in  order  to  ascertain  the  true  position  of  the  society  ?  The 
reply  to  this  question  by  some  actuaries  would  be — make  a  net 
premium  valuation  on  the  basis  of  the  same  table  of  mortality  and  rate 
of  interest,  as  were  assumed  in  the  original  construction  of  the  pre- 
miums, by  the  well  known  formula  nYx  =  Ax+n— Tx(l  +  ax+n),  or 
expressing  it  in  terms  of  the  office  premium,  nYx  =  Ax+n—  (TLX— -  Kx) 
(1  +  ax+n),  in  which  IL^  represents  the  office  premium,  and 
the  loading  at  age  w ;  and  there  could  be  no  objection  to  this 
method,  provided  the  table  of  mortality  is  a  true  one,  and  the  rate 
of  interest  is  safe. 

But  suppose  it  had  been  ascertained  that  the  table  of  mortality 
originally  employed  is  not  a  trustworthy  measure  of  the  mortality 
which  may  be  expected  among  the  members  of  the  society;  or 
suppose  the  society  had  found  it  impossible  to  invest  its  funds  at 
so  high  a  rate  of  interest  as  that  originally  assumed :  how  could  a 
valuation  made  on  this  method  show  the  true  position  of  the 
society  ? 

To  get  true  results  we  must  employ  true  tests ;  and,  therefore, 
if  further  investigation  of  the  laws  of  mortality  and  the  application 
of  more  extensive  records  of  experience  have  produced  a  table  more 
trustworthy  than  that  originally  adopted  in  calculating  the  pre- 
miums, I  think  the  actuary  is  bound  to  use  it  in  his  valuation  of 
the  policies ;  and  if,  at  the  time  of  investigation,  the  average  rate 
of  interest  at  which  the  funds  of  the  society  are  invested  be  lower 
than  that  originally  assumed,  it  would  be  pure  recklessness  to 
adhere  to  the  original  rate,  and  I  think  none  would  defend  it. 
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It  follows,  then,  that  circumstances  may  arise  which  necessitate 
a  change  in  the  basis  of  calculations ;  but  such  a  change  should 
not  be  made  without  very  serious  consideration,  and  the  most 
convincing  proof  that  it  is  necessary  in  order  to  produce  true  re- 
sults ;  to  change  the  basis  of  calculation  arbitrarily,  or  on  insuffi- 
cient grounds,  for  the  purpose  of  representing  the  office  to  be  in  a 
better  position  than  is  really  the  case,  would  simply  be  dishonesty 
and  trickery  of  the  meanest  kind. 

We  have  now  to  consider  what  principles  should  be  adopted 
when  it  is  found  necessary  to  employ  data  which  differ  from  those 
previously  used  by  the  society. 

Many  actuaries  say  that,  in  such  a  case,  we  must  altogether 
ignore  the  original  calculation  of  the  net  premiums  and  the  loading, 
and  now  re-calculate  the  net  premium  for  age  at  entry  according 
to  the  new  data,  and  value  that  as  the  risk  premium,  reserving  as 
loading  that  portion  of  the  office  premium  which  remains  after 
deducting  the  new  net  premium.  Thus,  if  ¥' x  represent  the  net 
premium  originally  calculated  for  age  x}  and  the  loading  added 
thereto,  the  office  premium  being  Vx  + KX  =  HX,  they  say  that 
both  P'^  and  K#  must  be  altogether  ignored,  and  the  valuation  be 
made  by  the  formula  nYx  =  Ax+n  —  Tx{l  +  ax+n),  in  which  P^  is 
derived  from  the  same  data  as  Ax+n  and  ax+n. 

The  main  objection  to  this  method  of  valuation  is,  that  it  is 
purely  hypothetical,  and  can  therefore  produce  only  a  hypothetical 
result.  If  the  premiums  payable  by  the  members  were  not  fixed, 
but  subject  to  variation,  according  to  the  basis  of  calculation  adopted 
by  the  society,  then  this  hypothetical  method  would  be  correct; 
for  the  facts  would  always  agree  with  the  hypothesis.  But  when 
the  contract  with  the  members  is  to  receive  from  them  uniform 
annual  premiums  throughout  life,  it  must  surely  be  erroneous  to 
ignore  what  they  pay  as  an  item  in  the  valuation. 

Let  us  test  the  formula  nYx  =  Ax+n  —  Vx(l  +  ax+n)  by  supposing 
extreme  cases,  on  the  principle  that  what  is  theoretically  true  of 
small  quantities  is  also  true  of  large  ones  similarly  applied.  1st, 
let  P^  >  11^ ,  then  the  formula  is  manifestly  erroneous,  for  it 
involves  the  valuation  of  an  annual  premium  greater  than  the 

member  has  contracted  to  pay;  2nd,  let  Vx  =  ^r,  then  we  have 

the  anomaly  of  reserving  for  future  expenses  and  contingencies  an 
annual  amount  three  times  as  great  as  is  reserved  for  the  risk  itself; 
and  3rd,  let  ~PX  =  HX,  then  we  have  no  provision  for  future  expenses 
and  contingencies  at  all. 
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We  thus  see  that  whether  the  value  of  P#  be  increased  or 
diminished  by  a  change  in  the  basis  of  calculation,  when  the 
variation  is  great  it  leads  to  an  absurd  result,  I  conclude,  therefore, 
that  the  risk  premium  should  be  constant  in  all  valuations,  and 
should  not  vary  with  the  data  used  at  each  investigation.  In 
other  words,  that  ¥' x  and  K#  are  specific  amounts,  which  should 
be  valued  and  kept  separate  for  the  special  purposes  for  which  they 
were  intended,  and  with  that  view  every  member's  premium  should, 
at  the  outset,  be  registered  in  its  component  parts.  It  is  true  that 
the  K^,  or  loading,  was  originally  fixed  in  an  arbitrary  manner, 
but  when  once  fixed  upon,  it  became  as  much  a  fact  as  the  office 
premium  itself,  and  should  not  be  varied  unless  experience  proves 
it  to  be  necessary. 

This  brings  me  to  the  question — under  what  circumstances 
should  the  loading  be  varied  ?  To  answer  this  question,  we  must 
consider  the  purposes  for  which  it  is  intended.  These  are,  to 
provide  for  expenses  and  contingencies  of  all  kinds,  which  from 
their  nature  cannot  be  foreseen.  Among  such  contingencies  may 
be  mentioned  possible  loss  of  a  portion  of  the  funds  from  the  depreci- 
ation of  securities ;  possible  inability  to  realize  as  high  a  rate  of 
interest  on  the  invested  funds  as  was  originally  assumed,  and  a 
possible  experience  of  a  higher  rate  of  mortality  than  that  pro- 
vided for  in  the  original  construction  of  the  net  or  risk  premium. 

When  any  of  these  contingencies  occur  in  the  form  of  a  tem- 
porary variation  from  the  normal  experience  of  the  society,  and 
are  fully  covered  by  the  loading  of  premiums  actually  received,  the 
loading  on  future  premiums  should  be  reserved  intact.  But  if 
the  mortality  experience  proves  to  be  greater  than  that  provided 
for,  and  necessitates  the  adoption  for  the  valuation  of  a  table  indi- 
cating a  higher  rate  of  mortality  than  that  used  in  the  construction 
of  the  premiums ;  or  if  the  interest  realised  proves  to  be  less  than 
that  originally  assumed ;  then  it  would  be  perfectly  legitimate  to 
include  as  much  of  the  loading  of  future  premiums  as  is  necessary 
to  make  up  the  deficiency  in  the  net  or  risk  premiums,  provided 
that  a  sufficient  amount  of  it  be  left  as  a  reserve  for  future  expenses. 
Such  a  variation  of  the  loading  is  permissible,  for  against  such 
contingencies  as  these  the  loading  specifically  exists. 

If,  on  the  other  hand,  experience  proves  that  the  net  premiums 
are  more  than  sufficient  to  cover  the  risk,  it  proves  also — other 
circumstances  being  equal — that  the  loading  is  more  than  sufficient. 
There  can,  therefore,  be  no  necessity  to  increase  the  loading  by 
taking  the  surplus  from  the  net  premium.     To  illustrate  my 
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meaning,  using  the  same  symbols  as  before,  the  premiums  payable 
consist  of  the  two  parts,  to  cover  the  risk,  and  to  provide 
for  expenses  and  contingencies,  and  it  is  now  discovered  that  P^, 
which  is  less  than  Yx,  is  the  correct  pure  premium  to  cover  the 
risk.  Must  we,  therefore,  value  only  P^  as  risk  premium,  and 
increase  the  loading  by  (P'#  —  P*)  ?    Thus  : — 

nYx=Ax+n-  [n*-{K*  +  (PV-P*)}](l  +  ax+n), 

which  gives  the  same  result  as  ^"V x —  -^x+n  —  Pa?(I  ~\~  &x+n) » 

Bearing  in  mind  that  the  object  of  the  society  is  to  give  to  its 
members  assurances  of  a  value  as  nearly  as  possible  equal  to  that 
of  the  premiums  which  they  pay,  the  only  sound  reason  which 
could  be  given  for  thus  increasing  the  loading  would  be  that  the 
original  loading  is  inadequate,  and  that  the  increase  is  necessary 
for  security.  But  if  it  be  admitted  that  is  an  adequate  loading, 
then  I  fail  to  see  any  sound  reason  for  increasing  it  by  (P^  —  P#), 
and  I  submit  that  the  valuation  should  be  made  by  the  formula 

nS^x  —  A-x+n     (11-07     Ka.)  (1  +  ax+n), 

which  will  give  true  results  in  all  cases. 

Almost  the  only  objection  which  can  be  offered  to  this  method 
is  that,  in  certain  cases,  it  produces  negative  values  for  policies 
recently  issued ;  and  to  many  this  may  appear  to  be  a  fatal  objection. 
Mr.  Sprague,  in  the  paper  previously  quoted,  writes  thus  strongly 
on  this  point : — "  It  appears,  then,  that  in  no  case  is  it  permissible 
"  so  to  value  the  liabilities  of  a  Life  Insurance  Company  as  to  lead 
"  to  negative  policy  values.  Any  method  of  proceeding  which  has 
u  this  effect,  or  exhibits  any  policies  as  assets  instead  of  liabilities, 
"  is  quite  inadmissible,  and  cannot  be  too  strongly  condemned". 
But  when  I  find  that  the  method  adopted  is  one  which  values  the 
actual  facts  by  true  tests,  I  am  bound  to  believe  in  the  correctness 
of  the  results,  even  although  some  of  them  present  themselves 
in  the  anomalous  form  of  negative  values.  What  ?  I  may  be 
asked, — Do  you  consider  a  policy  should  be  an  asset  ?  I  reply, 
Certainly  not ;  it  should  be  a  liability ;  but  as  an  actual  fact  it 
may  be  an  asset  notwithstanding — an  unsecured  asset,  it  is  true, 
but  still  an  asset;  and  the  sooner  it  is  made  what  it  ought  to  be 
— a  liability — the  sooner  will  justice  be  done  to  the  member. 
How  can  a  policy  which  is  an  asset  be  made  a  liability  ?  Certainly 
not  by  substituting  a  mathematical  hypothesis  for  the  actual  fact, 
and  valuing  that.  Such  a  course  would  treat  the  policy  as  if  it 
were  a  liability,  but  it  would  not  make  it  one.  To  answer  the 
question  we  must  go  to  the  root  of  the  matter,  and  inquire  into 
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the  cause  of  the  anomalous  fact  that  the  policy  is  an  asset,  and  we 
find  the  cause  to  be  that  the  member  is  paying  too  much  for  the 
benefit  he  is  to  receive.  Make  the  member's  benefit  equivalent  in 
value  to  his  payments  by  increasing  the  amount  of  the  benefit, 
and  not  only  does  the  policy  become  what  it  ought  to  be — a 
liability — but  substantial  justice  is  done  to  the  member.  I  feel 
quite  as  strongly  as  anyone  the  danger  of  allowing  policies  to  have 
negative  values,  and  therefore  I  hold  it  to  be  the  first  duty  of  the 
actuary  to  eliminate  them  as  soon  as  he  discovers  them  by  adjusting 
that  which  causes  the  anomaly;  but  it  should  be  a  real  adjustment, 
and  not  a  make-believe,  such  as  a  variation  in  the  method  of 
valuation.  The  Y'x  which  the  member  pays  as  risk  premium  is  the 
true  measure  of  the  minimum  amount  of  assurance  which  he 
should  receive :  the  proper  adjustment  is,  therefore,  to  increase  the 
amount  assured.  Thus,  if  ¥x  was  charged  to  the  member  under 
the  supposition  that  P/a7(l  +  ax)  —  Kx,  and  it  is  now  found  that  this 
equation  is  not  true,  but  that  Pa,(l  +  ax)  —  KX)  then  it  follows  that 
P'a?(l  +  ax)  =  A#  +  (P'-j.  —  P^)  {\+ax)y  and  therefore  that  the  amount 

assured  should  be  increased  by  (P'#  —  Tx)  ^"j"^,  .    Another  method 

of  adjustment,  which  would  be  perfectly  fair  and  just,  would  be  to 
reduce  the  actual  premium  payable  by      X  —  Yx). 

Any  additional  surplus  that  may  be  available  for  distribution 
should  be  divided  among  the  members  as  nearly  as  possible  in 
proportion  to  their  contributions  thereto.  At  the  first  investiga- 
tion, the  total  amount  of  loading  paid  by  every  member  may  be 
taken  as  the  proportions  in  which  the  surplus  should  be  dis- 
tributed. After  the  first  investigation,  the  profit  arising  from 
interest  on  investments  should  be  divided  separately  in  proportion 
to  each  member's  interest  in  the  accumulated  fund  at  the  beginning 
of  the  period,  the  remainder  of  the  ascertained  surplus  being 
divided,  as  before,  in  proportion  to  the  loading  paid  during  the 
period.  This  method  of  division  is  either  the  one  recommended 
by  Mr.  Sprague,  or  some  modification  of  it. 

So  far  my  remarks  have  applied  to  the  case  of  a  mutual  office 
in  which  the  method  of  constructing  the  premiums  is  known,  and 
is  considered  to  be  consistent  with  the  aims  and  objects  of  the 
society.  I  may,  however,  be  asked,  how  the  principles  which  I 
have  sketched  can  be  applied  to  the  valuation  of  an  office  in  which 
the  construction  of  the  premiums  is  unknown,  or  in  which  the 
office  premiums  have  been  calculated  by  taking  an  average  of  the 
premiums  charged  by  other  offices.    In  such  cases  we  only  know 
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the  value  of  IIr,  the  office  premium,  and  it  is  necessary  to  deter- 
mine what  portion  of  this  office  premium  is  to  be  reserved  for 
future  expenses  and  contingencies,  and  what  portion  is  to  be 
applied  to  the  risk.  The  actuary  must,  in  such  a  case,  guided  by 
the  best  tests  he  can  find,  arbitrarily  divide  TLX  into  Y'x  and  K^, 
bearing  in  mind  that  Kx  should  be  graduated  in  such  a  manner 
that  the  persons  of  every  age  contribute  to  the  fund  for  future 
expenses  and  contingencies,  fairly  and  equitably  as  between 
themselves,  and  that  ¥'x  should  be  at  least  adequate  to  the  risk 
originally  undertaken  (not  including  reversionary  bonus  additions). 
Having  thus  arbitrarily  fixed  their  respective  amounts,  V x  and 
will  thenceforth  be  treated  as  the  specific  component  parts  of  the 
office  premium,  and  will  be  valued  by  the  method  previously 
described. 

Having  now  indicated  the  method  which  has  commended  itself 
to  my  mind  as  the  proper  one  to  be  adopted  for  the  valuation  of 
policies  in  a  mutual  office,  I  will  contrast  it  with  the  method  which, 
in  my  opinion,  is  applicable  to  a  company  having  a  paid  up  capital. 
The  formula,  nYx  =  AT+n-  \Jlx-{Kx+  (P'„-P.tf](l  +ax+a),  I 
rejected,  because  I  could  see  no  sound  reason  for  increasing  by 
(P'^  —  ~PX) ')  but  in  a  proprietary  company  the  case  is  quite  different, 
for  the  main  object  here  is  to  make  a  permanent  profit  out  of  the 
business  for  the  shareholders  who  have  invested  their  capital  in  it, 
and  their  interests  are  best  consulted  by  providing  for  them  regular 
dividends.  The  shareholders  are  entitled  to  a  profit  on  every 
policy,  and  it  is  this  circumstance  which  makes  it  desirable  to 
"  spread  the  profit  derivable  from  each  policy,  or  class  of  policies, 
"  as  far  as  possible  uniformly  over  their  continuance".  From  this 
point  of  view,  the  addition  of  (P'#  — Pa.)  to  K^,  the  loading,  is 
quite  allowable,  for  (P'X  —  ~PX)  is  a  new  source  of  profit,  which  the 
shareholders  are  entitled  to  have  spread  over  the  continuance  of 
the  policy,  and  this  cannot  be  done  better  than  by  the  formula 
now  under  consideration.  I  therefore  conclude  that,  although  its 
adoption  is  inconsistent  with  the  aims  and  objects  of  a  mutual  office, 
yet,  the  formula  nVx  =  Ax+n—  [Ux—  {K^+  (P'*— P*)}]  (1  +ax+n) 
may  properly  be  used  in  the  case  of  a  company  having  a  paid- 
up  capital,  but  its  adoption  is  a  matter  of  expediency,  not  of 
necessity. 

There  is  this  difference  between  the  two  cases,  namely,  that  profit 
is  one  of  the  objects  of  the  loading  K^.  in  the  proprietary  office, 
while  it  may  be  termed  an  accident  of  the  loading  Kr  in  the 
mutual  office :  the  former       is  intended  for  security  and  profit, 
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while  the  latter  K#  is  intended  for  security  only,  and  a  surplus 
results  from  the  fact  that  only  a  portion  of  Kx  proves  to  be  necessary 
for  security. 

Keeping  in  view  the  various  objects  of  the  two  systems,  it 
appears  to  me  that,  in  the  proprietary  office,  the  standard  of 
measure  should  be  the  sum  assured,  and  from  that  standpoint 
should  be  calculated  the  profit  realised  from  the  premiums 
received  on  account  thereof;  but  that,  in  a  mutual  office,  the 
standard  of  measure  should  be  the  premiums  actually  payable, 
and  from  that  standpoint  should  be  calculated  what  amount  of 
assurance  can  be  given  to  the  member  consistent  with  the  most 
perfect  security. 

Conscious  of  its  many  imperfections,  I  am  led  to  offer  the  fore- 
going paper  as  a  small  contribution  to  the  discussion  of  insurance 
topics,  in  the  hope  that  the  minds  of  more  experienced  and  skilful 
actuaries  than  I,  may  thereby  be  directed  to  a  question  which  has 
not,  I  think,  hitherto  received  the  attention  which  it  merits.  I  do 
not  claim  for  the  method  herein  advocated  that  it  is  perfect,  or  that 
it  is  the  only  one  which  should  be  adopted,  but  I  do  claim  that  it 
is  one  which  leads  to  true  results,  and  one  by  whose  means  the 
aims  and  objects  of  mutual  assurance  would  be  materially  advanced. 


Discussion. 

The  President  (Mr.  J.  Hill  Williams) — The  meeting  will  probably 
agree  with  me  that  we  should  thank  Mr.  Templeton  for  his  paper,  and 
also  offer  him  a  cordial  welcome  in  coming  amongst  us  personally 
from  the  other  end  of  the  world.  With  respect  to  the  paper,  I  may 
say  for  myself  that  I  have  failed  to  catch  the  great  distinction  which 
Mr.  Templeton  seems  to  hold,  as  to  the  necessity  of  applying  different 
standards  of  measure  between  proprietary  and  mutual  companies. 
It  may  be  a  question  in  the  appropriation  of  profits,  but  when  it 
comes  to  a  question  of  Mr.  Templeton's  original  valuation,  I  hold 
that  there  cannot  be  two  measures  for  truly  measuring  the  same 
thing, — namely,  the  risk.  I  think  it  is  of  the  greatest  importance 
to  remember  that,  when  once  a  policy  is  issued,  it  never  can  be  an 
asset.  Notwithstanding  all  the  specious  arguments  to  the  contrary, 
it  is,  from  the  very  moment  it  is  issued,  a  liability ;  and  for  the  purpose 
of  measuring  liabilities  we  cannot  use  an  elastic  or  a  shifting  measure, 
applicable  first  to  one  set  of  circumstances  and  then  to  another, 
according  to  the  caprice  of  the  individual.  If  once  you  begin  to 
consider  that  you  can  deal  with  the  pure  net  premium  as  you  like — 
increase  it  or  lower  it  as  you  may  think  proper — you  do  not  know 
where  it  may  lead  you.  It  is  patent  to  all  of  us  that  the  construction 
of  the  original  table  of  premiums  of  most  of  the  offices,  must  have  been 
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in  many  cases  faulty,  in  many  cases  arbitrary,  and  in  many  cases 
very  unscientific.  But  the  object  of  the  foundation  of  this  Institute 
was  to  apply  science  instead  of  caprice  to  the  measurement  of  these 
liabilities.  I  think,  therefore,  if  an  actuary  has  discovered  a  better  table 
of  mortality,  representing  more  accurately  the  mortality  experience 
which  he  believes  will  hereafter  affect  his  own  company,  he  is  bound 
to  act  upon  it,  and  to  consider  what  is  the  risk  premium  according  to 
that  better  table,  and  not  to  shift  it,  as  recommended  in  this  paper. 

Mr.  A.  Baden — Mr.  Templeton  speaks  of  having  in  the  first  place, 
in  constructing  premiums,  put  on  a  loading  to  the  risk  premiums, 
which,  being  fixed  at  all  times  and  under  all  circumstances,  shall  do 
inevitable  justice  to  the  assured.    Now,  I  believe  that  in  the  construc- 
tion of  premiums  it  has  hitherto  been  considered  quite  a  moot  question 
whether  strict  justice  can  be  done  by  the  addition  of  any  kind  of 
loading ;  at  all  events,  it  certainly  is  a  moot  question  what  that  kind 
of  loading  is  which  will  do  strict  justice.    If,  even  when  we  use  a  table 
which  is  admitted  on  all  hands  to  be  correct,  it  becomes  an  impossi- 
bility to  find  any  loading  which  shall  operate  justly;  much  more  under 
the  altered  circumstances  supposed  in  the  paper, — namely,  valuing  by 
a  table  different  from  that  on  which  the  premiums  are  constructed, — 
does  it  seem  impossible  that  there  can  be  any  loading  which,  under 
these  two  altogether  different  circumstances,  can  do  equal  justice  to 
the  assured.    Mr.  Templeton  says  that  the  risk  premium  may  be  fixed 
at  any  amount  you  like, — it  may  be  wrong,  or  it  may  be  right, — 
but  if,  when  you  come  to  assume  for  valuation  a  table  different 
from  that  upon  which  your  premiums  are  constructed,  you  find  that 
the  assured  is  paying  more  for  his  risk  by  the  premium  that  you 
have  entered  in  your  books  as  the  risk  premium,  than  he  ought  to  pay 
according  to  the  true  table  you  are  now  using  in  the  valuation, — then, 
in  order  to  have  justice  done  to  him,  he  should  have,  in  some  way  or 
other,  an  equivalent  for  this  surplus  payment.    Granted,  but  he  further 
assumes  that  by  a  valuation  of  the  risk  premium,  justice  will  be  done 
to  the  assured.    Now,  it  depends  not  upon  the  amount  you  reserve, 
but  upon  what  you  give  back  to  the  member;  it  depends  upon  the  way 
of  distributing  the  profit  you  make,  and  not  upon  your  valuation  of 
the  liability,  whether  you  do  justice  to  him  or  not.    If,  having  valued 
this  premium,  which  is  acknowledged  to  be  a  surplus  risk  premium, 
and  having  thrown  it  into  your  surplus  (as  you  do  by  Mr.  Templeton' s 
method  of  valuation) — if  then  it  is  divided  between  all  the  members 
of  the  association  alike — it  is  difficult  to  see  how  justice  can  be  done 
to  the  individual  member  whose  excess  of  premium  is  so  valued.  It 
seems  to  me  clear  that  before  Mr.  Templeton  can  prove  that  justice  is 
done  to  every  individual  member,  he  must  show  how  he  divides  the 
profit  he  ascertains;  but  he  has  not  done  that  at  all.    He  seems  to 
think  a  method  of  producing  a  certain  reserve  will  in  itself  do  justice 
to  every  member  of  the  society.    I  confess  I  am  quite  unable  to  see 
how  that  can  be  brought  about.     But  Mr.  Templeton  has  not  con- 
sidered the  opposite  case.    Supposing  the  risk  premium,  instead  of 
being  in  excess,  is  in  deficiency — and  that  may  very  well  happen.  We 
know,  for  example,  that  the  Carlisle  table  and  the  HM  table  cross  one 
another  at  age  42;  at  42  and  upwards,  if  the  Carlisle  table  is  used  in 
the  construction  of  the  premiums  and  the  HM  table  in  the  valuation, 
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we  shall  have  risk  premiums  in  deficiency.  How  will  lie  deal  with 
that?  If  he  is  to  value  only  his  fixed  risk  premium,  he  will  indeed 
get  a  proper  reserve  for  his  policy,  but  then  he  will  do  it  at  the  expense 
of  the  other  members.  This  may  be  his  idea  of  dealing  justly  with 
those  who  are  paying  in  deficiency,  but  it  cannot  be  justice  to  the 
members  who  are  paying  more  than  they  ought,  and  who  have  to 
contribute  out  of  their  premiums  or  profits,  to  the  deficiency  which 
the  policyholders  at  the  ages  above  42  have  created.  Mr.  Templeton 
puts  an  extreme  case.  He  says  a  case  may  occur  of  the  risk  premium 
being  greater  by  the  true  table  used  in  the  valuation  than  the  whole 
office  premium  that  stands  on  the  books,  including  the  loading;  and 
he  considers  that  this  reduces  the  theory  which  is  opposed  to  his  own 
to  an  absurdity.  I  do  not  see  that  there  is  any  absurdity  in  the  case. 
The  actuary  would  simply  value  the  premiums  actually  paid,  and  take 
care  a  proper  reserve  was  made;  because,  before  he  had  made  an  altera- 
tion in  his  basis,  he  would  have  taken  care  to  ascertain  what  anomalies 
there  were,  and  he  would  have  provided  for  them  accordingly.  Then 
I  come  to  the  subject  of  negative  values,  and  Mr.  Templeton's 
treatment  of  negative  values  does  appear  to  me  to  be  extraordinary 
in  the  extreme,  and  to  amount  to  a  positive  demonstration  of  the 
falsity  of  his  theory.  We  have  seen  several  cases  where  it  has  been 
thought  advisable  to  pursue  some  method  of  valuation  by  which 
negative  values  do  arise,  but  careful  actuaries  have  thought  that  the 
ill-effects  of  this  would  in  such  cases  be  sufficiently  obviated  by  simply 
striking  out  these  negative  values — that  is  to  say,  reducing  the  values 
of  all  assurances  which  produce  them,  to  zero.  But  this  will  not  do 
for  Mr.  Templeton.  He  says,  "  No,  we  must  make  positive  values  of 
them."  And  how  does  he  make  positive  values  ?  By  doing  what  he 
considers  strict  justice  in  these  individual  cases,  so  that  the  fortunate 
policyholders  who  happen  to  come  below  the  line,  and  whose  policies 
by  the  method  chosen  produce  negative  values,  come  in  for  what  no 
other  policyholders  on  the  books  can  get.  But  those  who  are  above 
the  line  of  negative  values,  who  are  still  contributing  more  than  they 
ought,  do  not  get  any  equivalent  at  all;  there  is  no  addition  made  to 
their  policies,  and  yet  the  company  is  to  continue  to  receive  the  same 
premium  from  them  as  they  have  paid  all  along.  Why  this  difference? 
Why  should  the  fact  of  your  system  producing  negative  values  in 
certain  cases,  entitle  the  policyholder  whose  policy  comes  out  as  a 
negative  value,  to  have  justice  done  to  him,  wrhilst  those  policies  just 
above  the  line  are  not  entitled  to  have  justice  done  to  them  ?  I  cannot 
see  any  consistency  in  a  theory  which  leads  to  such  a  result  as  that. 
Then,  there  is  another  point  of  view  from  which  it  seems  to  me  that 
this  theory  may  fairly  be  criticized,  and  it  is  this.  There  are  certain 
members  of  the  society  who  will  surrender  their  policies,  and  thus  we 
come  to  ask  whether,  under  Mr.  Templeton's  view,  a  fair  surrender 
value  can  possibly  be  given  to  those  who  wish  to  surrender  their 
policies.  Well,  it  is  obvious  it  cannot,  and  for  this  reason.  It  seems 
to  me  that,  whereas  there  are  two  ways  of  arriving  at  the  reserve 
value  of  a  policy,  there  is  only  one  way  which  is  generally  kept  in 
mind,  and  the  other  is  too  much  lost  sight  of.  The  reserve  value  of  a 
policy  may  be  considered  on  the  one  hand  prospectively as  a  function 
of  the  relation  between  the  benefit  to  be  received  and  the  contribution 


1877.] 


and  the  Means  of  attaining  them. 


89 


to  be  paid  for  it ;  and  on  the  other  retrospectively,  as  a  function  of 
the  relation  between  the  risk  which  has  actually  occurred  and  the 
contributions  that  have  actually  been  paid  for  it  in  the  past.  The 
appropriate  formula  of  this  latter  view  is 

\rx  —  rxn)  yv  > 

that  is  to  say,  the  difference  between  the  pure  annual  life  premium 
for  the  age  at  entry,  and  the  pure  annual  premium  for  the  term  n, 
multiplied  into  the  term  annuity,  and  divided  by  the  endowment, 
represents  what  is  actually  in  hand  from  the  member's  contribution 
for  the  number  of  years  the  policy  has  been  in  force,  over  and  above 
what  was  required  for  the  risk.  Now,  if  we  look  at  the  value  from 
that  retrospective  point  of  view,  we  shall  see  the  office  has  actually 
in  hand  a  certain  sum  out  of  the  contributions  of  the  member,  and  is 
bound  to  pay  back  to  him  a  surrender  value  having  the  fixed  ratio 
agreed  on  to  the  reserve.  The  value  brought  out  in  that  way  is 
identical  with  what  I  should  call  the  true  value, — the  premium  in 
both  cases  being  taken  according  to  the  true  table.  But,  not  only 
does  Mr.  Templeton  put  it  out  of  his  power  to  give  back  anything 
like  that  amount  which  represents  the  accumulated  reserve,  but  in  his 
desire  to  do  justice  to  the  assured  he  has  altogether  forgotten  another 
accumulation  in  his  hands,  to  wit 

/p/       -p  n  ^x-i —  ^x+n-i 
\r  x  ~  ±x)  —  , 

Ux+n 

that  is  to  say,  the  difference  between  the  pure  premium  according 
to  the  tables  he  has  used  in  constructing  his  office  premiums  and  the 
true  pure  premium,  so  that  that  accumulation  has  to  be  added  to  the 
other.  He  puts  it  out  of  his  power  to  give  back  the  proper  ratio  of 
the  smaller  value,  much  more  to  give  any  proper  return  for  the  con- 
tribution which  has  actually  been  made.  It  is  desirable  that,  in  a 
young  society  especially,  that  method  should  be  adopted  which  pro- 
duces an  undoubtedly  sufficient  and  strong  reserve.  The  effect  of 
Mr.  Templeton's  method  of  valuation  will,  as  the  society  gets  older, 
inevitably  be  this, — that  having  anticipated  in  the  earlier  years  all  this 
surplus  which  would  otherwise  be  thrown  into  the  loading,  and  having 
thrown  it  into  the  profit  and  divided  it,  as  the  business  of  the  society 
increases  and  the  number  of  old  policies  grows  larger  in  proportion 
to  the  new  business  brought  in,  that  source  of  profit  will  gradually 
fail  him  in  increasing  ratio;  and  as  the  policies  will  not  be  able  to 
furnish  such  a  fund  towards  the  surplus  as  they  did  in  the  earlier 
years  of  the  society,  the  consequence  will  be  that  at  a  time  when  the 
pressure  of  mortality  is  telling  on  the  society,  instead  of  having  a 
strong  reserve,  he  will  have  a  weak  one,  and  in  addition  to  this  the 
inducement  to  new  members  to  come  into  the  society  will  be  diminishing 
every  year,  because  the  profit  will  be  gradually  falling  off-— they  will 
choose  other  and  more  vigorous  offices — offices  which  in  their  earlier 
years  had  their  business  valued  upon  more  sound  principles,  and  they 
will  forsake  his. 

Mr.  A.  H.  Bailey — I  do  not  wish  to  discuss  the  main  points  of 


90       On  Mutual  Life  Assurance;  its  Aims  and  Objects,  [Jan. 


Mr.  Templeton's  method,  because  I  have  come  to  learn  lately  that 
there  is  a  difference  of  opinion  as  to  what  is  meant  by  the  net  pre- 
mium method  of  valuation,  and  I  think  that  is  a  matter  that  may 
fittingly  occupy  the  attention  of  the  Institute  on  some  future  occasion. 
I  will  now,  therefore,  only  remark  on  one  paragraph  in  Mr.  Templeton's 
paper,  in  which  he  seems  to  think,  as  Mr.  Baden  has  said,  that  he  has 
Drought  the  case  to  a  reductio  ad  absurdum.    Referring  to  the  formula 
for  the  value  of  a  policy  after  the  expiration  of  n  years,  he  says, — "By 
supposing  an  extreme  case,  first,  let       be  greater  than  IL^;  that  is 
to  say,  let  the  pure  risk  premium  be  greater  than  the  office  premium." 
Now,  this  is  a  case  of  occasional  occurrence.    A  familiar  example 
will  occur  to  many  of  us  in  the  case  of  children's  endowments,  which, 
I  believe,  have  generally  been  calculated  by  the  Carlisle  table.  Offices 
have  granted  endowments  at  annual  premiums  calculated  on  the 
assumption  that,  out  of  ten  children  born,  eight  only  survive  after 
the  expiration  of  two  years.    That,  or  something  very  like  it,  is  to 
be  found  in  the  Carlisle  table,  but  in  our  experience  we  find  the 
result  to  be  wholly  different.    I  take  it  that  no  one  who  has  granted 
endowments  for  children  under  two  years  of  age  by  the  Carlisle  table, 
can  doubt  that  in  them  the  risk  premium  is  greater  than  the  office 
premium.    What  does  that  mean  ?    The  office  has  made  a  bad  bargain, 
and  it  must  make  a  larger  reserve  for  it.    There  will  be  no  profit 
and  no  margin  in  the  premium,  out  of  which  expenses  can  be  defrayed; 
but  these  must  be  defrayed  out  of  the  margins  of  the  other  policies. 
The  matter  must  be  looked  in  the  face  and  is  inevitable,  but  it  does 
not  appear  to  me  that  it  affects  the  question  of  principle  at  all.  What 
should  be  done  in  these  cases  is  to  substitute  for  P#,  II#,  the  office 
premium,  because  a  part  cannot  be  greater  than  the  whole.  Another 
illustration  is  to  be  found  in  the  case  of  deferred  annuities.  No 
loading  is  practicable  there,  and  the  competition  of  the  Government, 
which  chooses  to  grant  annuities  at  prime  cost,  is  such  that  no  office 
can  get  a  profit  out  of  this  business.    In  deferred  annuities,  the  risk 
premium  and  the  office  premium  will  probably  coincide.    In  whole-life 
insurances  also,  I  have  in  my  experience  come  across  cases  in  which 
policies  have  been  granted  at  a  premium  which  I  consider  below  prime 
cost,  so  that  the  office  premium  is  less  than  the  risk  premium,  and 
I  should  in  a  valuation  substitute  the  one  for  the  other.    In  Mr. 
Templeton's  other  extreme  case,  we  have  a  reserve  for  the  loading 
three  times  as  great  as  the  reserve  for  the  risk  itself.    But  here  again 
there  is  no  anomaly.    There  have  been  cases,  though  not  many,  where 
enormous  extra  premiums  have  been  charged,  which  were  not  justified 
by  the  risk  of  age.    In  such  a  case,  care  must  be  taken  not  to  divide 
this  enormous  profit  at  once,  for  this  reason — a  very  pertinent  one,  I 
think — that  these  policies  are  likely  to  be  discontinued.    I  will  now 
say  a  word  or  two  about  a  question  on  which  Mr.  Tempieton  touches, 
although  he  says  it  is  not  the  object  of  his  paper,  and  about  which  we 
do  not  hear  much  nowadays,  as  to  the  distinction  between  mutual  and 
proprietary  insurance  offices.    It  is  novel  to  hear  that  contracts  should 
be  valued  on  different  principles  according  as  they  have  been  entered 
into  by  mutual  or  proprietary  societies.    A  policy  has  been  issued,  ten 
or  twenty  years  have  elapsed,  and  a  certain  amount  is  required  to  be 
reserved  for  the  liability;  and  whether  it  was  issued  by  a  mutual  or  a 
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proprietary  insurance  office,  surely  makes  no  difference  whatever.  And 
even  if  it  did,  it  is  not  unimportant  to  bear  in  mind  that  nowadays 
the  distinction  between  mutual  and  proprietary  insurance  societies,  as 
far  as  the  insured  is  concerned,  is  very  small  indeed.  By  far  the  larger 
proportion  of  the  profit  in  proprietary  companies  goes  to  the  assured; 
and  therefore  I  differ  with  Mr.  Templeton  when  he  says  that  the  main 
object  of  a  proprietary  company  is  to  get  a  dividend  for  the  share- 
holders. I  hold  that  the  main  object  of  proprietary  companies  is  to 
do  the  best  they  can  for  the  insured.  The  proprietors  are  no  doubt  to 
get  a  small  amount  from  the  surplus,  but  it  is  not  just  to  increase  that 
amount  to  the  detriment  of  the  insured. 

Mr.  Macfadyex — I  do  not  see  that  Mr.  Templeton  has  shown 
that  there  is  any  obligation  to  retain  the  original  net  premium  in 
valuations  on  another  basis.  Premiums  and  valuations  are  quite 
independent  of  each  other.  The  rates  charged  are  settled  by  compe- 
tition— especially  the  competition  of  such  offices  as  occupy  the  same 
ground.  Besides,  the  original  pure  premium  is  not,  even  by  its 
computer,  always  looked  on  as  the  equivalent  of  the  risk;  for  when  a 
3  per-cent  rate  is  chosen,  where  4  per-cent  can  certainly  be  made,  it  is 
simply  a  mode  of  giving  additional  loading.  Mr.  Templeton's  theory 
results  in  a  change  of  the  manner  of  distributing  profit.  If  there  be 
any  obligation  in  such  matters  to  the  insured,  it  lies  more  in  the  • 
direction  of  not  changing  the  bonus  system  than  in  retaining  the 
original  net  premium.  Many  offices  draw  attention  to  the  first  in 
their  prospectuses,  none  that  I  know  of  refer  to  the  latter.  Again, 
on  his  own  admission,  Mr.  Templeton's  method  is  not  generally 
applicable.  The  one  case  he  uses  it  in,  is  that  of  a  mutual  office  with 
ample  loading  and  excessive  net  premiums.  In  such  an  office,  if  I 
understand  him,  he  would  in  all  cases,  whether  negative  values  or 
otherwise,  consider  the  difference  between  the  pure  premium  originally 
charged  and  that  now  fixed  upon,  as  an  annual  premium,  paid  from 
the  commencement  of  the  risk,  for  an  additional  insurance  sold  as  at 
entry  age  at  the  new  rates.  Mr.  Templeton  does  not  treat  excessive 
loadings  in  this  way,  and  yet  his  logic  ought  to  produce  this  result. 
If  he  had  done  so,  he  would  have  had  prominently  brought  before 
him  a  fact  conflicting  with  his  theory;  for  it  is  a  fact  that,  even  in 
mutual  companies,  loading  is  not  always  intended  merely  to  meet 
expenses  and  contingencies,  but  is  often  added  for  the  express  purpose 
of  making  a  profit  to  be  returned.  Reverting  to  Mr.  Templeton's 
formula  for  the  additional  amount  by  which  the  original  assurance  is 
to  be  increased,  he  gives  it  as 

(p'*-p*)^. 

He  does  not  point  out  that  this  formula  is  erroneous  if  the  policy  has 
already  shared  in  profits  distributed  on  the  original  basis.  Assuming 
however  that  there  has  been  no  previous  allotment,  let  us  study  the 
workings  of  Mr.  Templeton's  formula.  His  paper  leaves  us  to  do  this 
for  ourselves,  as  it  simply  gives  the  formula  for  the  additional  insur- 
ance and  goes  no  further — in  fact,  stops  short  at  the  very  point  where, 
for  my  own  part,  the  interest  of  the  paper  began.  As  a  step  in  the 
direction  indicated,  I  have  attempted  to  compare  the  reserves  under 
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Mr.  Templeton's  scheme  with  those  under  an  ordinary  net-premium 
valuation.  The  result  arrived  at  was  that  the  total  reserve,  including 
loading,  under  the  first,  would  exceed  that  under  the  second  when 
the  ratio  of  the  true  net  premium  at  the  valuation  date  to  the  true 
net  premium  at  entry  exceeded  2.  Of  course  this  result  would  be 
affected  if  the  cash  bonuses  under  the  second  system  were  dealt  with 
in  such  a  way  as  to  increase  the  liability.  But,  disregarding  these 
bonuses,  it  appears  that  in  about  15  or  20  years  from  entry,  Mr. 
Templeton  would  require  to  hold  against  liability  under  his  enhanced 
insurance  amount,  a  greater  sum  than  would  be  necessary,  under  a 
net-premium  valuation,  to  provide  the  original  insurance  amount. 
The  practical  effect  of  Mr.  Templeton's  scheme  is  to  make  his  policies 
non-profit  after  the  change  of  basis.  At  that  date  everything  is  given 
away ;  not  as  under  the  net  premium  method,  doled  out  from  time  to 
time.  Premature  deaths  get  the  same  profits  as  those  who  live  long. 
Though,  possibly,  this  principal  is  the  most  logical  in  theory,  yet  in 
practice,  profit-policyholders  who  live  long,  undoubtedly  consider 
themselves  entitled  to,  and  do  look  for,  special  profits  on  their  spe- 
cially profitable  policies.  An  ordinary  net -premium  valuation  does 
give  a  fund  for  such  special  bonus.  Besides,  it  is  very  much  safer  than 
Mr.  Templeton's  method.  He  converts  the  whole  surplus-producing 
power — for,  to  be  logical,  it  ought  to  be  the  whole — into  liability  at 
the  time  he  changes  the  basis.  The  office  must  stand  or  fall  by  the 
absolute  accuracy  of  his  new  data,  and  has  no  elasticity.  I  do  not 
think  it  prudent  to  so  commit  a  company  to  any  hypothesis,  however 
carefully  considered  before  adoption.  Finally  I  do  not  agree  with 
Mr.  Templeton  that  it  is  only  in  proprietary  companies  that  profits 
should  be  equably  spread  over  duration.  I  have  just  given  reasons 
why  it  is  quite  as  expedient  to  do  so  in  mutual  offices.  Another 
reason  might  be  found  in  the  application  of  bonus  to  reduce  premiums. 
Too  much  profit  distributed  at  first  might  result  in  the  premium 
being  reduced  upwards  at  valuation  time — a  result  far  more  damaging 
to  insurance  companies  than  a  refusal  to  drain  the  profit  reservoir  dry 
on  the  first  change  of  basis. 

Mr.  H.  Ambrose  Smith — Mr  Templeton  ventures  an  opinion  that 
the  outlay  does  not  increase  in  proportion  to  the  premium,  but  he  surely 
forgets  that  a  large  item  of  the  outlay  is  agent's  commission,  which  does 
bear  an  exact  proportion  to  the  premium;  so  that  is  an  argument,  as  far 
as  it  goes,  for  making  the  loading  at  the  more  advanced  ages  in  the  same 
ratio  as  at  the  younger  ages.  If  an  attempt  is  to  be  made  to  adjust 
the  loading  equitably,  it  should  take  this  shape: — A  policy  for  £1,000 
puts  the  office  to  no  more  trouble  or  expense  in  its  management, 
setting  aside  agent's  commission,  than  one  for  £100  ;  so  that,  to 
attempt  to  arrive  at  an  equitable  system  of  loading,  we  require  a  table 
of  premiums  for  £100,  £200,  £300,  £100,  and  so  on.  I  can  under- 
stand that,  but  I  do  not  understand  the  alternative  suggested  by 
Mr.  Templeton.  I  also,  with  Mr.  Bailey,  fail  to  see  the  distinction 
which  is  drawn  between  mutual  and  proprietary  offices.  I  think  it  is 
as  incumbent  to  equalize  the  bonus  to  be  allowed  in  the  one  case  as 
the  dividend  in  the  other.  I  do  not  see  any  argument  which  applies 
to  the  one  which  would  not  apply  to  the  other.  It  is  such  an  ele- 
mentary matter  that  it  is  almost  useless  to  repeat  it — that  if  a  number 
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of  people  combine  together  for  mutual  insurance,  and  after  the  first 
beginning  of  the  scheme  there  are  no  more  entrants,  and  if  the  pre- 
mium is  in  excess  of  the  rate  required,  the  profits  accruing  yield  a 
bonus  which  at  the  first  division  would  be  a  great  one,  and  would 
rapidly  diminish  as  the  lives  die  out.  If,  therefore,  you  wish  to 
equalize  the  bonus,  it  must  be  done  on  some  mathematical  basis;  or 
if  new  entrants  are  to  be  allowed,  in  justice  to  them  we  must  not 
allow  the  first  entrants  to  get  all  their  own  surplus  (or  its  value)  and 
then  claim  a  share  in  that  of  the  new  entrants.  As  an  argument 
for  equalizing  the  rate,  this  applies  equally  to  both  proprietary  and 
mutual  offices. 

Mr.  H.  W.  Manly — I  think  we  have  missed  the  point,  or  rather 
the  origin,  of  Mr.  Templeton' s  fallacy.  His  main  objection  to  the 
net-premium  valuation  is,  that  it  is  purely  hypothetical,  and  can 
therefore  produce  only  hypothetical  results.  Now,  I  would  like  to 
ask,  what  all  his  factors  are  in  his  valuation  ?  What  is  A^,  and 
(l  +  ax),  or  what  is  the  net  premium  originally  calculated  for  the 
insurance  ?  Are  they  not  all  based  upon  certain  hypotheses  ?  and  is 
not  the  reason  for  altering  the  table  of  valuation,  that  we  have  found 
by  our  increased  knowledge  of  science  and  statistics,  that  the  original 
hypothesis  is  wrong  ?  Now  what  has  Mr.  Templeton  got  ?  He 
divides  his  premium  into  two  parts — first,  the  pure  premium,  which 
was  originally  calculated  upon  one  hypothesis,  which  he  now  says 
was  wrong ;  and  he  has  a  balance,  which  he  says  is  a  loading  ;  and  in 
his  valuation  he  takes  a  table  based  upon  another  hypothesis,  and 
consequently  values  two  results  based  upon  two  different  hypotheses 
diametrically  opposed  to  each  other, — the  pure  premium  charged  in  the 
office  premium  being  calculated  upon  one  hypothesis,  and  the  valua- 
tion being  made  upon  another.  But,  then,  what  is  the  object  of 
dividing  the  premium  into  two  parts  ?  He  says  that  the  premium 
originally  charged  was  made  up  of  two  portions,  the  pure  premium 
and  the  reserve.  That  simply  implies  that  the  pure  premium  should 
have  been  put  into  one  fund  to  provide  for  the  risk,  and  that  the 
balance  should  be  put  into  another  fund  to  provide  for  the  expenses 
and  contingencies.  If  you  carry  Mr.  Baden's  formula  in  your  mind, 
you  will  see  when  the  pure  premium  originally  calculated  is  accumu- 
lated, the  first  Vx  in  the  formula  becomes  the  Vx  by  the  first  hypothesis, 
and  the  premium  for  the  term  assurance  is  the  premium  upon  the 
second  hypothesis ;  so  that,  if  the  first  premium  be  larger  than  it 
would  have  been  upon  the  hypothesis  upon  which  he  subsequently 
bases  his  calculations,  the  fund  would  be  larger  than  the  net-premium 
valuations.  But  Mr.  Templeton  produces  this  fallacy  by  his  valua- 
tion, he  says  it  is  smaller  !  Now,  those  who  defend  the  net-premium 
method  of  valuation,  say  that  it  will  be  exactly  the  same, — that  the 
fund  produced  by  the  net  premium,  when  accumulated,  after  payment 
of  the  claims,  shall  be  exactly  the  same  as  the  fund  produced  by  a 
proper  valuation.  If  Mr.  Templeton  will  consider  that,  I  think  he 
may  be  inclined  to  alter  his  views. 

Mr.  Templeton — I  expected  to  stand  pretty  well  alone,  and  I  find 
my  expectation  realized.  I  must  say,  however,  that  the  arguments 
which  have  been  used  tonight  have  not  convinced  me  that  I  am  in 
error.    I  am  anxious  to  discover  the  truth  in  this  matter,  and  I 
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thought  the  best  way  of  doing  that,  was  to  come  before  you,  gentle- 
men, who  have  had  more  experience  than  I  have.  It  appears  to  mo- 
th at  the  great  cause  of  the  difference  of  opinion  is  that  I  cannot  get 
you  to  look  at  the  matter  from  the  same  point  of  view  as  I  do.  You 
will  not  admit  that  the  member  of  a  mutual  office  is  entitled  to  get 
the  value  of  the  premiums  which  he  pays;  and  that  lies  at  the  foun- 
dation of  my  method.  M/v  view  has  certainly  not  been  carried  out 
in  any  mutual  office,  and  that  argument  has  been  adduced  against  me ; 
but  to  admit  the  pertinence  of  such  an  argument,  would  be  to  accept 
what  is,  as  best,  and  to  oppose  all  progress.  If,  in  a  mutual  office,  I 
charge  a  man  £2.  10s.  a  year  to  secure  £100  at  death,  and  lis.  6d.  a 
year  as  loading  to  provide  for  expenses  and  contingencies;  and  if  I  after- 
wards find  by  better  data  that  £2.  10s.  a  year  is  the  net  premium,  not 
for  £100,  but  for  £106,  I  say  that  the  aims  of  the  institution  demand 
that  the  amount  of  his  policy  be  increased  to  £106,  seeing  that  the 
Us.  6d.  per  annum  is  still  left  free  for  the  purposes  for  which  it  was 
intended  and  is  wholly  reserved.  And,  after  all,  the  question  whether 
the  loading  is  sufficient  is  a  question  whether  its  annual  amount  is 
sufficient.  We  ascertain  its  present  value  by  the  best  available  data 
and  state  it  in  the  account;  but,  when  judging  of  its  sufficiency,  it  is 
the  annual  amount  we  look  to  and  not  its  present  value.  Mr.  Manly 
objects  to  my  statement  that  the  ordinary  net-premium  method  leads 
to  hypothetical  results,  and  adds  that  the  whole  question  is  one  of 
hypothesis.  Certainly  it  is  on  the  hypothesis  that  future  experience 
will  coincide  with  the  past,  that  we  ascertain  the  values  ;  but,  having 
fixed  upon  our  hypothesis,  we  should  value  the  actual  facts  by  that 
hypothesis.  There  is  a  distinction  between  valuing  an  hypothesis  and 
valuing  by  hypothesis — it  is  the  former  to  which  I  object;  the  facts 
alone  should  be  valued.  I  say  that  the  net  premium  which  I  charge 
is  an  actual  fact.  You  say  it  is  not.  Well,  supposing  it  is  not,  and 
that  the  office  premium  is  the  only  fact ;  if  you  are  to  give  the  member 
the  value  of  his  premiums,  you  must  value  that  fact.  And  then  arises 
the  question  how  to  provide  for  expenses  and  contingencies.  Take 
off  from  the  office  premium  what  you  consider  to  be  sufficient.  It 
cannot  be  correct  to  take  off'  40  or  50  per-cent  from  the  premium  of 
one  member  and  only  3  per- cent  from  the  premium  paid  by  another. 
That  cannot  be  equitable.  It  may  be  perfectly  correct  to  ignore  the 
original  calculation  of  the  premiums,  and  if  you  think  bhe  loading 
originally  added  was  insufficient,  to  increase  it;  but  it  should  be  accom- 
plished in  such  a  way  that  justice  will  be  done  to  all  the  members.  It 
has  been  objected  that  it  is  impracticable  to  do  full  justice  to  all. 
Perhaps  it  is ;  but  is  that  any  reason  why  we  should  not  attempt  to 
do  it  ?  Should  we  not  be  carrying  out  the  objects  of  the  office,  if,  in 
attempting  to  give  the  insured  the  full  value  of  his  premiums,  avo 
approach  as  near  strict  justice  as  we  can?  Having  determined  what 
proportion  of  the  office  premiums  at  all  ages  should  be  reserved  for 
expenses  and  contingencies,  the  proper  method  is  to  take  off  that 
proportion  at  every  valuation;  but  I  cannot  see  that  the  pure  premium 
which  results  from  the  table  by  which  you  are  valuing,  lias  anything 
to  do  with  the  member's  policy.  If  you  adopt  that  as  the  pure4 
premium  for  valuation,  you  put  for  the  thing  to  be  valued  an  hypo- 
thesis; and  herein,  I  take  it,  lies  the  difference  between  those  gentlemen 
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who  have  spoken  and  myself.  With  regard  to  Mr.  Baden's  statement 
that,  according  to  my  method,  policies  with  negative  values  would 
receive  greater  advantages  than  those  with  positive  values,  I  have 
already  explained  that  the  adjustment 

(p'.-p,)L+-- 

was  intended  to  be  made  to  all  policies.  Perhaps  this  might  have 
been  more  clearly  expressed  in  my  paper,  which  was  prepared  somewhat 
hurriedly  for  the  present  meeting.  I  shall  probably  write  another 
paper  on  this  subject  at  some  future  time  which  may  be  read  here,  if 
you,  gentlemen,  think  the  discussion  of  sufficient  importance.  I  shall 
carefully  consider  all  the  arguments  which  have  been  advanced  tonight ; 
and  if  I  find  that  I  am  wrong  in  any  respect,  I  shall  not  be  slow  to 
acknowledge  it. 


On  the  Premiums  for  the  Insurance  of  Recently  Selected  Lives.  By 
T.  B.  Sprague,  Esq.,  M.A.,  Manager  of  the  Scottish  Equitable 
Life  Assurance  Society,  and  a  Vice-President  of  the  Institute  of 
Actuaries. 

[Eead  before  the  Institute,  18  Dec.  1876.] 

ThE  folloing  results  wer  obtaind  in  the  course  ov  the  years 
1870  and  1871,  the  calculations  having  been  carryd  on  at  intervals, 
as  my  professional  engagements  allowd  ov  the  time  ov  myself  and 
my  assistant  being  devoted  to  the  matter.  It  was  my  intention 
to  carry  the  investigation  still  further,  by  forming  graduated 
mortality  tables  for  entrants  ov  varios  ages  and  deducing  annuity 
values  therefrom ;  but  this  intention  not  having  been  carried  out, 
I  think  it  better  to  lay  the  results  in  their  present  state  before  the 
readers  ov  the  Jurnl,  insted  ov  delaying  them  any  longer  in  the 
hope,  which  may  perhaps  never  be  realized,  ov  making  them  more 
complete. 

In  order  to  determin  the  correct  premium  that  shoud  be  charged 
to  persons  insuring  their  lives  at  a  particular  age,  it  is  necessary 
to  determin  approximatly  the  rate  of  mortality  that  will  prevail 
among  those  persons  in  each  ov  the  succeeding  years  ov  age. 
It  is  now,  I  believe,  generally  admitted  that  this  rate  ov  mor- 
tality depends,  not  simply  on  the  age  ov  the  persons  under 
observation,  but  also,  to  a  very  considerabl  extent,  upon  the 
time  which  has  elapst  since  they  wer  examind  medically  and 
otherwise,  and  accepted  as  good  average  lives.  If  therefore  we 
desire  extreme  accuracy,  it  will  not  be  sufficient  to  take  the  average 
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rate  ov  mortality  for  each  age,  as  given  by  such  a  tabl  as  the 
Institute  HM  Tabl ;  but  the  strict  method  ov  solving  the  problem 
will  be  to  take  the  entrants  ov  each  age  and  trace  the  mortality 
among  them  in  every  subsequent  year  ov  life  until  they  ar  all  ded, 
keeping  them  throout  distinct  from  entrants  at  all  other  ages. 
The  number  entering  at  any  one  age  is,  however,  too  small  to  giv 
trustworthy  results,  and  the  flgurs  deduced  from  them  woud  be 
subject  to  very  great  irregularities.  I  hav  therefore  for  the 
purposes  ov  this  enquiry  combined  in  a  single  groop  the  entrants 
ov  each  consecutiv  five  years.  Adding  together  the  numbers  who 
enterd  at  the  ages  x  —  2,  x— 1,  x9  x-\-\y  and  x  +  2,  where  x  is  a 
multiple  ov  5,  I  assume  in  the  first  instance  that  these  wer  all  ov 
the  age  x  at  entry,  and  ascertain  the  rate  ov  mortality  among  them 
during  each  year  they  wer  under  observation.  In  order  that  ther 
may  be  no  possibl  dout  as  to  the  method  I  hav  folloed,  I  will  giv 
an  exampl  of  the  working,  from  the  outset  to  the  final  result. 
Thus,  taking  #=65,  we  get  from  pages  160  and  161  ov  the 
Mortality  Experience  of  Life  Assurance  Companies,  collected  by 
the  Institute  of  Actuaries,  the  flgurs  enterd  in  the  folloing  tabl 
opposit  the  ages  63,4,5,6,7 ;  and  the  totals  at  the  foot  ar  obtaind 
by  addition. 


Age 
at 
Entry. 

Year  of  Insurance. 

0 

1 

2 

3 

4 

Exposed 
to  Risk. 

Died. 

Exposed 
to  Risk. 

Died. 

Exposed 
to  Risk. 

Died. 

Exposed 
to  Risk. 

Died. 

Exposed 
to  Risk. 

Died. 

63 
64 
65 
66 
67 

149-5 
130- 
104-5 
79-5 
75- 

1 
1 
1 
0 
1 

283-5 

248- 

194-5 

1505 

137' 

6 
5 
9 
2 
5 

251 
225 
163 
137 
120 

3 
4 
5 
3 
7 

232-5 

210- 

146- 

126- 

109' 

9 
9 
7 
12 
7 

213-5 
189-5 
131-5 
106- 
96- 

9 
11 
6 
3 
9 

Total 

538-5 

4 

1013-5 

27 

896 

22 

823-5 

44 

736-5 

38 

In  this  way  wer  obtaind  the  flgurs  givn  in  colums  2  and  3 
ov  the  folloing  tabl.  I  call  65  here  the  u  middle"  age  at  entry, 
rather  than  "mean"  or  "average",  to  show  that  ther  has  been  no 
process  of  calculation  gon  thro,  as  is  implied  when  either  ov  the 
latter  terms  is  uzed;  and  I  take  the  age  as  65^  rather  than  65,  for 
reasons  which  will  be  presently  explaind. 
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Table  (A). 


Middle  Age  at  Entry  65^. 


Year  of 
Insur- 
ance. 

(1) 

Number 
at  Risk. 

(2) 

Deths. 
(3) 

(4)=(2)-(3) 

(5)=log(2) 

(6)=log(4) 

(7)=(6)-<5) 

0 

538-5 

2 

536*5 

2*73119 

2-72957 

1*99838 

1 

1013-5 

27 

986*5 

3-00582 

•99410 

•98828 

2 

896- 

22 

874* 

2*95231 

•94151 

•98920 

3 

823-5 

44 

779*5 

•91566 

•89182 

•97616 

4 

736-5 

38 

698*5 

•86717 

•84417 

•97700 

5 

663- 

33 

630* 

•82151 

•79934 

'98892 

•97783 

6 

599*5 

26 

573*5 

•77779 

•75853 

•98891 

•98074 

7 

536*5 

48 

488*5 

•72957 

•68886 

•95929 

8 

455*5 

31 

424*5 

•65849 

•62788 

•9G939 

9 

3985 

35 

363*5 

•60043 

•56050 

•96007 

10 

317* 

31 

316 

•54033 

•49969 

•95936 

11 

306*5 

36 

270*  5 

•48643 

•43217 

•94574 

12 

259'5 

30 

229*5 

•41414 

•36078 

•94664 

13 

210- 

19 

191* 

•32222 

•28103 

•95881 

14 

180*5 

26 

154*5 

•25648 

•18893 

•93245 

15 

14o* 

23 

122* 

•16137 

•08636 

•92499 

lb 

117* 

15 

102* 

•06819 

•00860 

•94011 

17 

97  5 

10 

87*5 

1*98900 

1*9 1201 

•95301 

18 

81' 

14 

67* 

•90849 

•82607 

•91758 

19 

64*5 

13 

51*5 

•80956 

•71181 

•90235 

20 

47* 

9 

38* 

•67210 

•57978 

•90768 

21 

34* 

5 

29* 

•53148 

•46210 

•93092 

22 

27* 

6 

21" 

•43136 

•32222 

•89086 

23 

19* 

4 

15' 

•27875 

•17609 

•8973 1 

24 

15* 

2 

13- 

•17609 

•11394 

•93785 

25 

12- 

4 

8* 

•07918 

0-90309 

•82391 

9ft 

ft* 

o 
a 

ft* 

/ /old 

O / OUO  i 

27 

5* 

3 

2- 

•69897 

•30103 

•60206 

28 

2* 

1 

1* 

•30103 

•00000 

•69397 

29 

1- 

1- 

30 

1' 

1* 

31 

1- 

1- 

32 

1- 

1- 

33 

1' 

1 

Total 

8643*5 

560 

8083*5 

... 

The  figurs  in  colum  (4)  ar  the  differences  between  those  in 
(2)  and  (3),  and  each  of  them  therefore  givs  the  number  ov 
persons  remaining  alive  at  the  end  ov  the  year  ov  insurance 
opposit  to  which  it  stands.  The  figurs  in  col  urns  (5)  and  (6)  ar 
the  logarithms  ov  those  in  colums  (2)  and  (4)  respectivly;  and 
those  in  colum  (7)  ar  obtaind  by  deducting  the  logarithm  in  (5) 
from  that  in  (6) :  each  difference  is  therefore  the  logarithm  ov  the 
unadjusted  probability  ov  living  thro  the  year  ov  insurance  opposit 
which  it  stands. 
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It  is  to  be  notist,  however,  that  for  the  deths  in  the  year  ov 
insurance  0,  I  hav  substituted  2  insted  ov  the  figur  4,  which  is  the 
one  givn  in  the  table  on  p.  96.  This  alteration  has  been  made  for 
the  reason  that  the  lives  under  observation  during  the  year  ov  insur- 
ance 0,  ar  on  the  average  under  observation  only  for  six  months 
each  during  that  year,  and  the  very  low  rate  ov  mortality  experienst 
during  the  year  0  must  therefore  be  considerd  to  last  only  for  six 
months,  and  not  for  an  entire  year.  This  is  a  point  ov  so  much 
importance  that  it  may  be  desirabl  to  consider  it  a  littl  more 
minutely.  Turning  to  Mr.  Samuel  Brown's  introduction  to  the 
abov  mentiond  work,  we  find  on  page  3  the  folloing  passage : 
"  As  in  all  cases  the  office  age  on  entry  is  the  age  next  birthday,  it 
"  was  decided  that  on  the  whole  the  current  year  of  age  or  office  age 
"  at  the  date  of  assurance,  would  afford  the  means  of  approximating 
"  very  closely  to  the  actual  age,  by  the  single  assumption  that  the 
"  assured  attained  that  age  at  the  end  of  the  year  of  entry."  The 
year  ov  entry  here  mentiond  is  clearly  the  calendar  year,  which 
will  in  most,  but  not  in  all,  cases  agree  with  the  office  year  ov  the 
companies  making  the  returns.  On  page  4,  we  read  "  The  date 
"  of  entry  and  of  exit,  like  the  age  at  entry,  it  was  considered 
"  would  in  very  large  numbers  be  so  spread  over  the  whole  of 
"  the  year,  that  for  all  practical  purposes  the  average  period  of 
"  observation  in  each  may  be  taken  at  half  a  year,  and  the  date  of 
"  entry  and  of  exit  would  consequently  correspond  with  the  middle 
"  of  the  current  year  of  age."  On  pages  8,  11,  and  12,  "  The 
"  age  at  entry  is  to  be  the  actual  age  next  birthday  in  all  cases. 
"  The  age  of  exit  is  to  be  found  by  adding  to  the  age  at  entry  the 
a  difference  between  the  years  of  entry  and  exit."  The  effect 
ov  the  abov  assumption  is  shortly  this,  that  all  persons  under 
observation  ar  assumed  to  hav  been  born  on  31  December, 
and  to  hav  com  under  observation  on  30  June;  so  that  persons 
entering  at  the  "  current  age "  66,  ar  assumed  to  attain  that  age 
on  the  average  six  months  after  entry,  and  the  age  at  entry  is 
assumed  to  be  65 £  on  the  average.  Turning  next  to  page  18,  we 
find  an  instance  ov  the  numerical  working  ov  the  process  by  which 
the  numbers  exposed  to  risk  in  each  year  ov  insurance  folloing 
the  "age  at  entry  29",  ar  deduced  from  the  numbers  givn  in  the 
"  Table  of  Observations,  No.  1,  Healthy  lives,  Male",  under  the 
current  age  at  entry  30.  Here  it  is  to  be  notist  that  "  the  current 
"  age  at  entry"  30,  and  the  "age  at  entry"  29  in  the  HM  table, 
called  by  Mr.  Brown  on  page  18  "the  actual  age  past",  denote 
the  same  age,  namely,  29£  on  the  average  at  entry ;  and  it  would 
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perhaps  hav  been  better  if  the  age  had  been  givn  in  both  instances 
as  29|.  Disregarding  for  the  present  the  small  number,  75,  who 
discontinued  their  insurances  in  the  same  calendar  year  in  which 
they  enterd,  it  is  assumed  that  the  5,791  entrants  ar  each  under 
observation  for  half  a  year,  thus  giving  2,895*5  persons  exposed 
to  risk  for  a  full  year,  ov  whom  4  persons  died.  The  inference 
is  that,  assuming  the  mortality  to  be  such  as  prevaild  among  these 
lives  during  the  year  0  ov  insurance,  out  ov  2,895*5  persons 
exposed  to  risk  for  a  year,  4  will  die;  but,  bearing  in  mind  that 
the  year  0  ov  insurance  comprizes  only  on  the  average  six  months, 
it  will  be  more  correct  to  say  that,  out  ov  5,791  persons  exposed 
to  risk  for  half  a  year,  4  will  die.  We  hav  next  to  consider  the 
case  ov  the  75  persons  wTho  discontinued  their  insurances  in  the 
same  calendar  year  in  which  they  enterd;  and  we  observ  that 
the  manner  in  which  they  hav  been  treated  in  the  abov  mentiond 
calculation,  produces  the  somewhat  anomalos  result  that  they  hav 
not  been  supposed  to  be  under  observation  at  all.  They  hav 
in  fact  been  assumed  to  enter  in  the  midl  ov  the  year,  and  to 
discontinue  at  the  same  time — the  midl  of  the  year;  and  if  insted 
ov  75  ther  had  been  750  or  any  other  number  in  a  similar  position, 
they  woud  not  hav  made  the  least  difference  in  the  number  calcu- 
lated to  be  exposed  to  risk  during  the  year  0  ov  insurance  (which, 
in  the  description  is  calld  the  "  first  year  of  assurance  ") .  The 
folloing  woud  hav  been  a  more  correct  method  ov  treating  these 
75  persons.  Let  us  assume  they  wer  persons  who  effected  their 
policies  at  halfyearly  premiums,  and  discontinued  them  at  the 
end  ov  the  first  six  months ;  then  it  is  clear  that  they  must  all 
hav  enterd  during  the  first  six  months  ov  the  year  ov  entry. 
Assuming,  as  we  hav  don,  the  whole  ov  the  entries  to  be  uniformly 
spred  over  the  year,  we  must  suppose  75  other  persons  to  hav 
enterd  in  the  second  half  ov  the  year ;  and  deducting  these  150 
from  the  5,791,  we  hav  5,641  other  persons,  whose  entries  wer 
also  uniformly  spred  over  the  year.    Then  the  number  ov  years  ov 


life  will  be  found  as  folios : — 

Entrants.  Years. 
75  persons  enterd  in  the  first  half  ov  the  year  and  discontinued 
their  policies  at  the  end  ov  the  first  six  months;  each 
was  under  ohservation  for  six  months  .  .  .  37*5 
75  parsons  enterd  in  the  second  half  ov  the  year;  but  being 
supposed  uniformly  distributed  over  the  six  months, 
wer  under  observation  on  the  average  each  for  three 

months  18*75 

5,611  entrants  uniformly  distributed  over  the  year,  and  there- 
fore under  observation  on  the  average  each  for  six 
months   2,820*5 

57791  2376*75 
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This  result  is  the  same  as  we  shoud  hav  obtaind  if  we  had  assumed 
the  75  persons  to  hav  been  under  observation  on  the  average  for 
three  months  each.  It  will  be  seen  that  the  practical  difference 
is  so  small  as  to  be  quite  unimportant;  and  I  hav  not  tho't  it 
necessary  to  alter  the  figurs,  in  deducing  the  annuity  values  by 
the  process  to  be  now  described.  But  as  an  error  ov  principle 
which  is  unimportant  in  one  case,  may  produce  serios  results  in 
another,  I  hav  tho't  it  better  to  draw  attention  to  the  point.  The 
explanation  ov  the  anomaly  appears  to  be  that  our  fundamental 
supposition — that  the  discontinuances  ar  distributed  uniformly 
over  the  year,  cannot,  from  the  nature  ov  the  case,  be  applied  to 
the  whole  ov  the  year  ov  entry,  but  must  be  restricted  to  the 
second  half  ov  that  year. 

If  now  we  attemt  to  uze  the  figurs  of  Tabl  (A)  to  deduce  the 
values  of  annuities  in  the  ordinary  way,  we  are  met  by  the  difficulty 
that  the  year  0  ov  insurance  comprizes  only  six  months,  and  the 
value  ov  the  ordinary  annuity  can  therefore  only  be  obtaind  by 
means  ov  a  trublsom  adjustment.  Having  got  then  similar  results 
to  those  givn  in  Table  (A),  for  the  midl  ages  at  entry  20^,  25£, 
30|,  ....  75^,  I  hav  uzed  the  unadjusted  results  to  calculate  the 
values  ov  the  annuities  by  means  ov  Mr.  Woolhouse's  very  useful 
formula; — 

in  2.     n^  1 

ax=nS  -  jg-  (fi  +  8); 

where  S  =  npxvn  +  2npxv2n-\-  &c, 

(tpx  here  denoting,  as  usual,  the  probability  ov  the  life  on  which 
the  annuity  depends  surviving  t  years,) 

—  force  ov  mortality  at  the  age  x, 
h  —  force  ov  discount. 

In  applying  this  formula  in  the  present  investigation,  it  is  to 
be  observd  that  yu,  =  0;  or,  in  words,  the  force  ov  mortality  at  the 
commencement  ov  the  insurance  is  zero.  The  effect  ov  the  medical 
examination  is  to  reject  all  those  persons  who  ar  suffering  from 
diseases  tending  to  shorten  life,  which  can  be  detected  by  the 
examiner.  If  we  had  the  means  ov  making  accurat  observations 
upon  a  large  number  ov  persons,  say  the  residents  in  a  particular 
town  or  the  members  ov  a  particular  profession,  we  shoud  find 
that  a  certain  number  ov  these,  perhaps  5  per-cent  ov  the  whole, 
ar  at  any  particular  time  suffering  under  complaints  that  will, 
either  probably  or  certainly,  proov  fatal  after  a  longer  or  shorter 
time;  and  if,  after  the  laps  ov,  say,  a  year,  we  coud  exam  in 
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carefully  the  causes  ov  death  ov  those  persons  among  them  who 
had  died,  we  shoud  find  that  much  more  than  5  per-cent,  probably- 
even  more  than  50  per-cent,  ov  the  total  deths  woud  occur  among 
those  persons  whom  we  had  previosly  noted  as  sickly.  A  strict 
medical  examination,  then,  greatly  reduces  the  mortality  in  the 
years  which  immediatly  folio  it,  that  is  to  say,  in  the  erly  years 
ov  the  insurance.  The  fewer  the  number  ov  years  which  hav 
elapst  since  the  medical  examination,  the  greater  will  be  its  effect 
on  the  mortality;  so  that,  in  the  first  year  subsequent  to  examin- 
ation, the  mortality  is  very  liht;  in  the  first  six  months  after 
examination,  it  is  still  lihter  in  proportion;  while  it  is  an  extremely 
rare  thing  for  a  life  assured  to  die  within  three  months  ov  the 
medical  examination.  But  in  the  application  ov  Mr.  Woolhouse's 
formula,  is  the  value  ov  the  force  ov  mortality  at  the  instant 
the  policy  is  effected;  and  we  hav  therefore  to  consider  the  effect 
ov  a  medical  examination  on  the  mortality,  not  during  the  three 
months,  nor  even  during  the  month  or  the  week  folloing  the 
examination,  but  during  the  day  or  even  the  hour  thereafter.  We 
thus  see  that,  assuming  the  insurance  to  be  effected  immediatly 
after  the  life  is  past  by  the  doctor,  all  persons  laboring  under 
diseases  from  which  it  is  conceivabl  that  they  shoud  die  within  a 
day,  will  be  eliminated;  and  we  may  almost  say  that  ther  is  only 
left  the  chance  ov  the  life  being  knokt  down,  run  over,  and  killd, 
when  leaving  the  office  ov  the  company.  The  chance  ov  this  or  any 
other  similar  caus  ov  deth,  is  so  extremely  minute,  that  we  arrive 
at  the  conclusion  that,  at  the  instant  a  policy  is  effected,  /jl  =  0. 

As  abov  explaind,  the  year  0  ov  insurance  comprizes  on  the 
average  only  six  months  for  each  life,  while  each  ov  the  succeeding 
years,  1,  2,  3,  &c,  comprizes  an  entire  year.  It  therefore  appear d 
to  me  convenient  to  take  the  quantity  n  in  the  abov  formula,  equal 
to  an  integral  number  ov  years  4-  \ .  In  a  well  graduated  tabl,  n 
may  be  taken  large  with  litl  sacrifice  ov  accuracy ;  but  the  facts  to 
be  uzed  in  the  present  instance  being  ungraduated,  I  tho't  it  better 
to  take  a  short  interval,  and  hav  therefore  taken  n=2^,  while,  as  a 
chek,  the  values  ov  the  annuities  hav  also  been  obtaind  by  a  second 
calculation  in  which  n  =  3^.  Making  n  =  2^,  and  n  =  3^,  succes- 
sivly,  the  abov  formula  becoms 

\ t&p J*  +  5 p*v5  +  nPxv  k+  )  + 

and  these  ar  the  working  formulas  by  which  the  calculations  hav 
been  made. 
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The  folloing  is  a  specimen  ov  the  calculation,  and  shoes  how 
the  value  ov  the  annuity  at  4  per-cent  interest  for  the  midl  age  at 
entry  65^,  was  found. 

Table  (B). 
Middle  Age  at  Entry  65^.    Interest  4<  per-eent. 


f 

V 

y 

5 

loo* 

o  \^\ryu  ) 

l02*  ( I^RKlH^S 

AUn  \tJJo5i0  ) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

65| 

1-97586 

T-93328 

T-93328 

0-85759 

5 

68 

•94208 

•89950 

•83278 

•68043 

70£ 

•92894 

•88636 

•71914 

•52377 

10 

73 

•90914 

•86656 

•58570 

•38521 

75i 

•87206 

•82948 

•41518 

•26013 

15 

78 

•85376 

•81118 

•22636 

•16841 

m 

80^ 

•85591 

•81333 

•03969 

•10957 

20 

83 

•77367 

•73109 

2-77078 

•05899 

22^ 

85i 

•77562 

•73304 

•50382 

•03190 

25 

88 

•74715 

•70457 

•20839 

•01616 

27k 

904 

•38907 

•34649 

3-55488 

•00359 

30 

93 

2-69897 

2-65639 

•21127 

•00163 

3-09738  =  S 


8  =-03922 
^§=•01716 


6-19476 
1-54869 


+  -75 


8-49345 
-  -01716 


^8  =  8-47629  =  0661 


The  interval  n  being  =  2i ,  the  ages  givn  in  colum  (2)  ar 
those  at  the  commencement  ov  each  period  ov  2\  years.  The  figurs 
in  colum  (3)  ar  the  logarithms  ov  the  unadjusted  probability  that 
a  person  ov  the  age  in  colum  (2)  (=y,  suppose)  will  liv  2\  years. 
It  is  obvios  that  the  first  ov  these  will  be  found  by  adding  together 
the  three  first  numbers  in  colum  (7)  ov  Table  (A).  To  obtain  the 
others  it  is  necessary  to  halv  the  figurs  in  column  (7)  ov  Table  (A) 
opposit  the  ages  5,  10,  15,  ...  .  This  will  perhaps  more  clearly 
appear  from  the  folloing  calculation  of  the  four  first  terms  in 
colum  (3). 

1-99838  -97616  '98891  -96939 

1-98828  -97700  -98074  '96007 

1-98920  -98892  -95929  -97968 

1-97586  -91208  '92894  -90914 

It  will  ov  cours  be  understood  that  the  figurs  were  not  actually 
ritn  down  as  here  shoen,  but  the  sums  wer  obtaind  by  addition  ov 
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the  figurs  in  colum  (7)  ov  Table  (A)  after  the  logarithms  ov  the 
probabilities  ov  living  thro  the  half  years  in  the  years  ov  insurance 
5,  10,  15,  .  .  .  .  had  been  previosly  inserted,  as  shoen  by  the  figurs 
in  small  type  opposit  the  year  ov  insurance  5. 

The  figurs  in  colum  (4)  ov  the  abov  tabl  (B)  ar  obtaind  by  adding 
1-95742  =  log  (r04~*)  to  each  of  those  in  colum  (3);  and  they 
will  therefore  be  the  logarithms  ov  2\pyv%.  The  figurs  in  colum  (5) 
wer  then  obtaind  by  the  successiv  addition  ov  those  in  colum  (4), 
and  it  is  eazy  to  see  that  they  will  be  the  logarithms  ov  2^65*^ 
bP65$v5,  7|/>65^~2"  ....  The  figurs  in  colum  (8)  are  the  anti- 
logarithms  ov  those  in  colum  (5),  and  ar  equal  to  the  successiv 
terms  ov  S.  The  remainder  ov  the  work  requires  no  explanation. 
In  this  way  wer  calculated  the  values  shoen  in  the  folloing  tabl : — ■ 


Taele  (C). 


Middle 
Age 
at 
Entry. 

3  Per-cent. 

Middle 
Age 
at 
Entry. 

4  Per-cent. 

Mean 
Value. 

<*=2J) 

(n=3J) 

Mean 
Value. 

20J 
254 
30J 
35i 
404 
454 
504 
554 
604 
654 
704 
754 

21-484 
20-492 
19-567 
18-443 
17'021 
15312 
14-017 
12-163 
10-278 
9079 
7-188 
6-263 

21-406 
20-480 
19-560 
18-442 
17-022 
15326 
14002 
12173 
10-265 
9-132 
7*239 
6-405 

21-445 
20-486 
19-564 
18-443 
17-022 
15-319 
14-009 
12-168 
10-271 
9-105 
7-214 
6-334 

204 

254 
304 
35i 
404 
454 
504 
554 

604 

654 
704 
754 

18-183 
17*547 
16904 
16-099 
15-019 
13-698 
12-660 
11-115 
9-497 
8-476 
6-784 
5-956 

18-148 
17-539 
16-900 
16-097 
15*023 
13-710 
12-646 
11-125 
9-499 
8-521 
6-834 
6094 

18-165 
17-543 
16-902 
16-098 
15021 
13-704 
12-653 
11-120 
9-498 
8-498 
6-809 
6-025 

It  will  be  notist  that  the  values  obtaind  by  taking  n  —  %\  and 
n  —  ?>\  ar  in  all  cases  so  very  close  that  no  dout  can  remain  as 
to  their  accuracy,  notwithstanding  that  nothing  has  been  don  in 
the  way  ov  graduation.  Comparing  the  values  with  each  other,  we 
may  fairly  conclude  that  they  ar  correct  to  the  second  decimal 
place,  except  for  the  two  first  and  the  three  last  ages  in  the  tabl, 
and  that  these  ar  correct  to  the  first  decimal  place.  Colums  (4) 
and  (8)  ov  the  tabl  giv  the  arithmetic  means  ov  the  values  found  by 
taking  the  two  values  ov  n. 

It  will  be  observd  that  the  results  we  hav  obtaind,  ar  the  values 
ov  ordinary  whole-life  annuities  on  the  lives  ov  persons  ov  the 
several  ages,  who  hav  just  been  submitted  to  medical  examination; 
and  they  will  therefore  be  the  proper  annuities  to  enabl  us  tc 
determin  and  calculate  the  premiums  that  shoud  be  charged  for 
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insurances  on  recently  selected  lives.  The  ages  at  entry  20^  25£ , 
....  not  being  convenient  for  the  purpos  ov  comparison  with  other 
tabls,  it  was  next  necessary  to  deduce  the  approximat  values  ov 
annuities  for  the  ages  20,  25,  ....  As  the  values  ov  the  annuities 
agree  on  the  whole  fairly  well  with  those  ov  the  17  Offices 
Experience,  I  considerd  it  sufficient  to  deduce  the  value  ov  the 
necessary  correction  from  the  values  of  the  annuities  according  to 
that  tabl.  Thus,  the  value  ov  my  3  per-cent  annuity  at  35|  is 
18'443,  while  the  values  ov  annuities  for  ages  35  and  36,  according 
to  the  17  Offices  Experience,  ar  18*521  and  18*255,  ov  which  the 
difference  is  *266,  giving  a  difference  of  *133  for  half  a  year.  I  hav 
added  this  quantity,  *133,  to  18*443,  and  hav  thus  got  18*576  as 
the  approximat  value  ov  the  annuity  at  age  35.  For  the  purpos 
ov  finding  the  correction,  the  nearest  annuity  according  to  the 
17  Offices  Tabl  has  been  uzed.  Thus,  for  age  75 J,  my  3  per-cent 
annuity  being  6*334, 1  hav  taken  from  the  17  Offices  Tabl  #71  =  6*364, 
a72=  6  049,  and  added  the  half  ov  the  difference  between  these, 
namely  *158,  thus  getting  6*492  as  the  approximat  value  ov  the 
annuity  at  75.  In  this  way  wer  obtaind  the  values  ov  annuities 
for  ages  at  entry  20,  25,  30,  ....  givn  in  the  colum  hedded 
" First  approximation"  in  the  folloing  tabl.  The  annuity  values 
according  to  the  17  Offices  Tabl  and  the  Institute*  Tabl  ar  givn 
for  the  purpos  ov  comparison. 


Table  (D). 

Values  of  Annuities  on  Insured  Lives. 


3  Per-cent. 

4  Per-cent. 

Age. 

Lives  just  insured. 

As  found  by  the 
usual  method. 

Age. 

Lives  just  insured. 

As  found  by  the 
usual  method. 

First 
approxi- 
mation. 

Corrected 
value. 

17  Offices. 

Institute. 

First 
approxi- 
mation. 

Corrected 
value. 

17  Offices. 

Institute. 

20 
25 
30 
35 
40 
45 
50 
55 
GO 
65 
70 
75 

21-538 
20-592 
19-682 
18-576 
17173 
15-487 
14185 
12-350 
10-454 
9-286 
7381 
6-492 

21-668 
20-632 
19-676 
18-549 
37125 
15-430 
14-114 
12-266 
10-330 
9-152 
7*234 
6-186 

21-797 
20-842 
19-754 
18521 
17123 
15-540 
13*820 
12-021 
10-188 
8-382 
6-685 
5-148 

22043 
21-038 
19-867 
18-587 
17-176 
15-594 
13-896 
12-094 
10236 
8-418 
6-657 
5061 

20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

18-230 
17617 
16-986 
16-196 
15-137 
13838 
12-797 
11-273 
9-656 
8-656 
6959 
6-168 

18-320 
17-645 
16-982 
16-176 
15-100 
13-792 
12-739 
11-202 
9-549 
8-539 
6-827 
5*891 

18-451 
17*803 
17-010 
1614 1 
15-093 
13-857 
12-470 
10-978 
9-415 
7835 
6-317 
4-915 

18-644 
17961 
17131 
16-197 
15-135 
13-901 
12-536 
11043 
9  459 
7-870 
6-293 
4-833 

#  In  speaking  ov  the  Institute  Mortality  Tabl,  it  seems  unnecessary  to  ad  HM, 
as  this,  being  the  principal  tabl,  must  be  the  one  referd  to  when  no  other  is 
indicated. 
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In  the  folloing  tabl  the  corresponding  annual  premiums  for 
an  insurance  ov  100  ar  givn  side  by  side. 

Table  (E). 


Premiums  for  the  Insurance  ov  100. 


3  Per-cent. 

4  Per-cent. 

Age. 

Lives  just  insured. 

As  found  by  the 
usual  method. 

Age. 

Lives  just  insured. 

As  found  by  tho 
usual  method. 

First 
approxi- 
mation. 

Corrected 
value. 

17  Offices. 

Institute. 

First 
approxi- 
mation. 

Corrected 
value. 

17  Offices. 

Institute. 

20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

1-526 
1-719 

1-  923 

2-  195 

2-  590 

3-  152 

3-  673 

4-  578 

5-  818 

6-  809 
9-020 

10-435 

1-499 
1-711 

1-  924 

2-  203 

2-  604 

3-  174 

3-  704 

4-  625 

5-  914 

6-  938 
9-232 

11003 

1-473 
1-665 

1-  905 

2-  210 
2-605 
3133 
3835 
4-767 
6-025 
7*745 

10-100 
13-352 

1-427 
1-625 

1-  880 

2-  193 

2-  589 

3-  114 

3-  801 

4-  725 

5-  987 
7-705 

10-148 
13-585 

20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

1-354 
1-525 
1-714 

1-  969 

2-  350 

2-  893 

3-  401 

4-  302 

5-  539 

6-  510 
8-719 

10-105 

1-330 
1-517 
1-715 

1-  976 

2-  365 

2-  914 

3-  433 

4-  350 

5-  634 

6-  637 
8-930 

10-666 

1-295 
1-472 
1-697 

1-  987 

2-  368 

2-  885 

3-  578 

4-  502 

5-  755 
7-472 
9-820 

13-060 

1-245 
1-428 
1-669 

1-  969 
2352 

2-  865 

3-  542 

4-  458 

5-  715 
7-427 
9-866 

13-299 

If  we  now  review  the  process  by  which  our  results  hav  been 
obtaind,  we  soon  see  that,  by  assuming  the  average  age  of  the 
entrants  in  each  groop  to  be  equal  to  the  midl  age,  we  hav  made 
an  assumption  that  is  probably  not  correct,  and  that  may  therefore 
to  som  extent  vitiate  the  conclusions  we  hav  arrived  at.  Let  us 
examin  then  as  to  its  exact  effect.  We  have  assumed,  for  exampl, 
that  the  entrants  at  the  five  ages  19^,  20£,  21^,  22£,  ar  so 
distributed  over  the  various  ages  that  their  average  age  at  entry  was 
20£.  This  woud  be  correct  if  the  numbers  ov  entrants  at  the  five 
ages  wer  all  equal,  and  in  certain  other  cases  which  it  is  unnecessary 
to  specify.    The  numbers  entering  at  the  abov  ages  ar  as  folios : — 


At  age  184  . 

675 

„     19J  • 

.  1,086 

„     20J  . 

.  1,555 

„    214  . 

.  2,497 

„     224  • 

.  3,069 

Total  . 

.  8,882 

Multiplying  each  ov  these  ages  by  the  number  ov  persons  entering 
at  it,  and  dividing  by  the  total  number  ov  entrants  at  the  five  ages, 
we  find  the  average  age  ov  entry  in  the  abov  groop  to  be  21*20 
and  not  20*5  as  we  have  assumed.  It  is  perhaps  worth  while  to 
mention  that  it  is  not  necessary  to  multiply  each  age  by  the  number 
entering,  as  the  same  result  will  be  obtaind  by  deducting  20£ 
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from  each  ov  the  ages,  and  afterwards  adding  it  to  the  quotient : 
thus  the  actual  process  will  stand  as  folloes :- — 

2(3069)  +  2497  - 1086  -  2(675)       ~q  . 

8882  > 

and  adding  this  to  205  we  get  the  average  age  at  entry  21*2. 
In  this  way  it  was  found  that  the  average  ages  ov  the  persons  in 
the  several  groops  wer  as  shoen  in  the  folloing  tabl. 


Table  (F). 


Difference  of 

Groop  of  Ages. 

Number  of 
Entrants. 

Average  Age. 

age 
(average  age 
—  midl  age). 

184  to  224 
234  „  274 

8,882 

21*20 

+  •70 

22,631 

25-69 

+  •19 

284  »  324 
334  „  374 

26,821 

30-48 

-•02 

23,462 

35-40 

-•10 

384  „  424 

17,610 

40-34 

-•16 

434  „  474 

12,044 

45-33 

-'17 

484  „  52| 

7,945 

50-30 

-•20 

532  ))  574 

4,473 

55-27 

-•23 

584  „  624 

2,516 

60-16 

-•34 

634  „  674 

1,087 

65-13 

-•37 

684  «  724 

333 

70-06 

-•44 

V34  „  774 

87 

74-53 

-•97 

In  the  last  colum  is  shoen  the  amount  ov  the  error  committed 
by  assuming  that  the  average  age  ov  the  lives  in  each  groop  is 
equal  to  the  midl  age.  It  proceeds  with  very  great  regularity, 
being  ov  considerable  magnitude  at  the  hihest  and  yungest  ages. 
In  the  groop  ov  ages  28 1  —  32|  it  is  so  small  that  it  may  for 
all  practical  purposes  be  safely  neglected,  the  average  age  at  entry 
being  there  almost  exactly  equal  to  the  midl  age.  At  yunger 
ages  the  average  age  is  greater  than  the  midl  age,  and  at  hiher 
ages  the  reverse  is  the  case.  This  is  explaind  by  reference  to 
the  summary  givn  on  pages  128,9  ov  the  Mortality  Experience 
volume.  We  there  find  that  the  number  ov  entrants  is  greatest 
at  the  "  current  age  "  30,  that  is,  30  next  birthday,  or  29 \  according 
to  our  suppositions.  From  that  age  the  n amber  ov  entrants 
diminishes  almost  uninterruptedly,  whether  we  consider  the  older 
or  the  yunger  ages,  the  diminution  being  much  more  rapid  at 
the  yunger  ages.  A  litl  consideration  will  sho  that  this  law  ov 
diminution  must  necessarily  cause  the  error  to  folio  the  law  shoen 
in  the  abov  tabl.  If  we  had  taken  29£  as  the  midl  age,  the  error 
in  the  groop  27£  — 31£  woud  hav  been  only 

2  x  5304  +  5239 - 5321  - 2  x  5289  _   -52  _ 
5304  +  5239  +  5791  +  5321  +  5289  ~~  269 14  —  ~~  *UU^ 
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Applying  a  correction  in  the  manner  abov  explaind,  we  finally 
get  the  values  ov  the  annuities  and  premiums  as  shoen  in  the 
col  urns  headed  "  corrected  value  "  in  tabls  (D)  and  (E) .  It  will 
be  notist  that  except  at  the  ages  30-45,  these  final  values  ar 
intermediat  between  the  values  we  previosly  obtain d  and  the 
"  Institute"  annuities  deduced  by  the  ordinary  process.  We 
therefore  lern  that  any  method  ov  investigation  which  thros 
together  the  entrants  at  five  consecutiv  ages  and  considers  the 
midl  age  as  the  common  age  ov  all  the  groop,  will  giv  an  over- 
estimat  ov  the  effect  ov  selection,  both  at  the  ages  below  30  and  at 
those  abov  45. 

Our  general  conclusion  is  that  when  proper  allowance  is  made 
for  the  effect  ov  selection,  the  premiums  for  50  upwards  ar  reduced, 
and  those  for  45  downwards,  increast.  At  the  yungest  ages,  20, 
25,  the  increase  is  about  5  per-cent;  from  30  to  60  the  difference 
is  so  small  as  to  be  ov  no  practical  consequence;  but  for  65  and 
higher  ages  the  true  premiums  ar  greatly  less  than  those  obtaind 
from  the  mortality  tabl  formd  in  the  usual  way. 


Discussion. 

The  President  (Mr.  J.  Hill  Williams)  wished  to  express,  not  for 
the  first  time,  the  satisfaction  which  the  council  and  the  members 
generally  must  feel,  to  find  so  many  proofs  of  the  value  of  the  great 
work  of  the  Institute — the  Mortality  Experience.  Mr.  Sprague  has 
investigated  the  very  interesting  question  of  finding  out  the  values  of 
the  annuity,  and  the  proper  insurance  premium,  for  recently  selected 
lives.  Looking  at  his  valuable  summary  of  the  results  at  which  he 
has  arrived,  it  is  satisfactory  to  find  that  the  approximate  method 
which  has  been  usually  adopted, — of  dealing  with  the  whole  tables  of 
mortality  and  not  confining  our  attention  to  recently  selected  lives, — 
is  not  very  far  from  the  truth,  and  that  for  all  practical  purposes  we 
are  perfectly  safe  in  using  the  general  tables. 

Mr.  W.  S.  B.  Woolhouse  said  that  the  subject  chosen  by  Mr. 
Sprague  in  this  paper  was  one  of  a  peculiar  kind,  and  out  of  the  usual 
beaten  track.  In  the  working  out  of  the  calculations  he  did  not  see 
any  point  to  criticize,  except,  perhaps,  the  assumption  that,  after  the 
medical  examination,  the  force  of  mortality  commences  at  zero.  No 
doubt  the  medical  examination  very  greatly  reduces  the  tendency  to 
death ;  but  that  it  entirely  neutralizes  it,  seems  to  be  an  extreme  view 
of  the  case. 

Mr.  Waleoed  thought  that,  if  the  mortality  is  so  much  reduced 
by  selection  as  Mr.  Sprague  seems  to  think,  the  mortality  of  short- 
term  lives  should  be  less  than  the  ordinary  rate  of  mortality;  and  yet 
it  is  generally  considered  that  the  mortality  on  term  policies  has  been 
larger  than  on  whole-life  policies.   In  the  report  of  the  Mutual  Society 
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of  New  York,  published  this  year,  Professor  Bartlett  has  given  much 
attention  to  the  subject  treated  in  this  paper.  He  has  not  only  shown 
the  influence  of  selection  at  different  ages,  but  has  brought  out  the  fact 
that  the  duration  of  life  in  America,  contrary  to  the  general  belief,  is 
longer  than  it  is  on  this  side  of  the  water. 

Mr.  G.  King  stated  that  he  had  prepared  tables  of  annuities  based 
upon  the  results  given  in  his  paper  which  appeared  in  the  July  number 
of  the  Journal,  and  they  very  closely  approximate  to  Mr.  Sprague's 
figures.  He  proceeded:  In  my  treatment  of  the  year  of  insurance  0  I 
somewhat  differ  from  him ;  and,  although  I  may  take  an  opportunity 
of  making  some  adjustment  for  that  year  later  on,  when  I  shall  speak 
of  the  annuity  values,  still,  without  having  been  in  any  way  corrected, 
my  figures  agree  very  closely  with  Mr.  Sprague's,  as  the  following 
examples  will  show: — 

Annuities  at  Date  of  Assurance — 3  per-cent. 


Age 
at  Entry. 

By  Mr.  Sprague's 
table. 

By  my  own 
table. 

20 

21-668 

21-250 

30 

19-676 

19-660 

40 

17*125 

17-255 

50 

14-114 

14-255 

60 

10-330 

10-874 

My  values  are  on  the  whole  a  little  higher  than  his,  except  at  age 
60,  where  I  am  considerably  in  excess,  and  I  do  not  quite  understand 
how  the  difference  arises.  With  regard  to  the  premiums,  Mr.  Sprague 
has  shown  very  clearly  that  the  premiums  of  the  HM  table  at  the 
young  ages  of  entry  are  too  low,  whilst  those  at  the  older  ages  are 
too  high.  That  arises  from  the  heavy  mortality  of  the  young  ages 
at  entry,  after  the  lives  have  been  sometime  assured,  being  mixed 
with  the  lesser  mortality  of  the  older  entrants  who  have  been  com- 
paratively recently  selected.  It  is  interesting  to  note  that  the  Carlisle 
table  gives  very  nearly  the  true  premium,  according  to  Mr.  Sprague's 
figures. 


Age. 

Mr.  Sprague. 

Institute. 

Carlisle. 

20 

1-499 

1-427 

1-494 

30 

1-924 

1-880 

1-952 

40 

2-604 

2-589 

2-599 

So  that  for  the  principal  assuring  ages,  the  Carlisle  premium  seems 
to  be  very  close  to  the  true  premium — closer  than  that  of  the  Institute. 
This  fact  may  be  of  some  importance;  for  instance,  in  dividing  profits 
it  is  fairer  to  distribute  the  surplus  in  proportion  to  the  loading  on 
the  Carlisle  net  premium  than  in  proportion  to  that  on  the  HM, 
although  for  most  purposes  the  HM  table  is  superior  to  the  Carlisle. 
But  again,  even  Mr.  Sprague's  premiums  at  the  younger  ages  at  entry 
are  still  too  low  for  practical  purposes,  because  so  many  policies  lapse 
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during  the  first  twenty  years  of  insurance,  when  the  mortality  is 
heavy,  that  few  are  left  on  the  books  to  give  the  company  the  benefit 
of  the  lighter  mortality  which  occurs  later  on.  The  premium — cal- 
culated in  a  way  which  does  not  take  account  of  lapses, — is  reduced 
by  the  lighter  mortality  experienced  after  the  policy  has  been  a  great 
many  years  in  force,  and  from  which  the  office  will  not  derive  a 
proportionate  advantage.  It  will  be  found  that  at  the  younger  ages 
at  entry,  the  term-premium,  for  a  term  say  of  twenty  years,  calculated 
by  a  table  based  on  the  mortality  followed  out  for  each  age  at  entry, 
will  be  still  more  in  excess  of  the  HM  term-premium  than  is  Mr. 
Sprague's  whole-life  premium  in  excess  of  the  HM  whole-life  premium. 
A  great  many  offices  now  charge  extra  for  female  lives,  although  it 
is  well  known  that  female  life,  taken  throughout,  is  better  than 
male;  and  the  reason  for  this  extra  charge  is  that  during  the  assuring 
ages  the  mortality  is  heavier.  So  it  will  be  with  the  younger  ages 
at  entry.  There  is  a  heavier  mortality  daring  the  time  they  are  on 
the  company's  books;  and  when  but  comparatively  few  remain,  the 
mortality  is  lighter  again.  If  we  want  to  charge  a  fair  premium  it 
should  be  derived  from  a  net  premium  even  higher  than  Mr.  Sprague's, 
which  is  itself  higher  than  the  HM. 

Mr.  G-.  W.  Bekbxdge  said  that  the  annuity  values  for  the  moment 
of  entry  given  in  his  paper  which  appeared  in  the  Journal  for  last 
April,  came  very  close  to  Mr.  Sprague's,  taking  his  corrected  value 
for  comparison. 


Age. 
(1) 

Institute. 
(2) 

Mr.  Sprague's 
corrected  value. 

(3) 

My  own  value. 
(4) 

Difference 
(4)-(3). 

25 

21-038 

20632 

20-657 

+  •025 

30 

19-867 

19676 

19-619 

-•057 

40 

17176 

17125 

17-176 

+  051 

50 

13-896 

14-114 

14-065 

-•049 

He  was  not  quite  happy  in  his  mind  as  to  that  peculiar  correction, 
which  he  had  never  seen  before,  but  which  Mr.  Sprague  had  made  on 
account  of  the  centre  age  not  being  the  real  average  age  at  entry. 
The  effect  has  been  very  curiously  to  bring  the  annuity  nearer  to  the 
Institute  table,  and  pro  tanto  to  diminish  apparently  the  effect  of 
selection — that  is,  the  true  effect  of  selection  is  less  than  it  appears 
from  the  first  calculation.  With  regard  to  Mr.  Woolhouse's  remark 
as  to  taking  the  force  of  mortality  zero  at  the  moment  of  selection, 
he  thought  that  would  only  affect  the  annuity  values  at  the  beginning, 
for  something  like  the  first  half-year  of  age.  He  had  himself  taken  0 
as  the  force  of  mortality  and  only  applied  it  to  the  first  2\  years  of  the 
currency  of  annuity,  in  deducing  the  value  of  the  annuity  at  the 
instant  of  the  completion  of  the  transaction,  from  the  value  of  the 
annuity  2\  years  older,  and  his  values  came  exceedingly  near  to  Mr. 
Sprague's. 

Mr.  W.  Sutton  remarked  that  Mr.  Sprague,  at  the  end  of  his 
paper,  comes  to  the  conclusion  that  from  ages  at  entry  30  to  60, — 
in  other  words,  the  ages  at  which,  speaking  generally,  lives  become 
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assured, — there  is  no  difference  between  the  premiums  as  calculated 
by  him  and  the  ordinary  premiums ;  from  age  65  upwards,  at  which, 
generally  speaking,  lives  do  not  enter,  there  is  a  considerable  differ- 
ence ;  so  that  for  practical  purposes  we  are  just  as  we  were  before. 
With  regard  to  the  year  0  of  insurance,  he  had  hitherto  seen  no  reason 
to  find  fault  with  the  method  adopted  in  the  Institute  book,  and  he 
considered  any  theoretical  departures,  like  this,  to  be  practically  of  little 
value.  As  to  putting  the  force  of  mortality  at  entry  at  0,  he  agreed 
with  Mr.  Woolhouse,  and  was  not  certain  that  even  theoretically  it  is 
correct  to  do  so.  When  he  considered  that  this  force  of  mortality  is 
often  taken  to  be  made  up  of  two  parts,  one  part  generally  increasing 
with  the  age,  and  the  other  constant  throughout  life,  he  was  not  at 
all  prepared  to  admit  that  their  values  are  both  zero  at  the  instant  a  life 
is  pronounced  insurable  at  the  ordinary  rate  by  the  company's  medical 
officer.  However  this  may  be,  the  whole  point  is  almost  immaterial  with 
regard  to  the  effect  upon  the  annuity  values,  as  it  only  slightly  affects 
the  second  decimal  place.  Moreover,  Mr.  Sprague  seems  to  have 
made  a  far  rougher  approximation  himself  than  would  be  made  by 
employing  the  ordinary  Institute  table,  taking  the  year  0,  and  con- 
sidering the  first  six  months  of  the  calendar  year  to  give  the  same 
mortality  results  as  the  next  six  months;  namely,  when  he  deduces 
the  annuity  value  for  age  75  from  that  for  75 J.  He  had  himself 
pointed  out  —  in  a  letter  which  appeared  in  the  Journal  of  the 
Institute,*  five  or  six  years  ago — that  the  discontinuances  in  year  0 
have  been  so  treated  in  the  Institute  experience  as  to  have  no  effect 
whatever  upon  the  rate  of  mortality.  He  thought  that  the  paper, 
although  it  might  not  advance  our  knowledge  of  the  effect  of  selection, 
was  still  in  many  respects  extremely  valuable,  particularly  because  it 
forms  a  sort  of  model  investigation  for  the  younger  members  of  the 
Institute  to  follow  when  they  hereafter  see  their  way  to  take  up  similar 
investigations.  There  are  many  useful  practical  hints  throughout 
the  paper,  some  of  which  are  the  results  of  great  experience;  and 
younger  members  of  the  Institute,  at  any  rate,  are  greatly  indebted 
to  Mr.  Sprague  for  coming  forward  and  disclosing  all  his  processes 
and  methods. 

Mr.  A.  H.  Bailey  said,  that  it  was  felt  by  the  committee  which 
took  in  hand  the  working  out  of  the  Institute  experience,  that  there 
was  not  sufficient  material  available  to  work  out  the  monetary  tables, 
as  published,  on  the  principles  laid  down  in  this  paper — namely,  that 
the  ages  should  be  kept  separate  for  each  year  of  entry;  and  the  small 
difference  in  the  results  when  this  was  done,  seemed  to  prove  that  the 
decision  was  a  right  one.  The  manner  of  treating  this  unfortunate 
year  0,  which  has  been  the  subject  of  so  much  criticism,  was  a 
matter  of  necessity,  and  not  of  choice ;  inquiries  were  made  at  the 
offices  of  the  older  insurance  companies,  and  it  was  found  that,  as  a 
rule,  by  the  way  in  which  the  register  was  kept  in  old  times,  the  date 
of  birth  was  not  recorded,  but  merely  the  age  at  entry.  It  was  a 
question,  therefore,  of  throwing  away  the  most  valuable  part  of  the 
experience  altogether,  and  it  was  decided  that  it  was  wiser  to  take 
what  could  be  got,  which  was  the  age  at  entry  and  not  the  date  of 
birth ;  and,  having  got  the  age  at  entry  only,  some  such  assumption 

#  See  Journal,  vol.  16,  p.  75. 
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as  was  made  was  inevitable.  Mr.  Galloway,  many  years  ago,  assumed 
for  the  Amicable  experience,  that  the  lives  were  half  a  year  younger 
than  the  office  age  at  entry,  and  he  found  that  on  the  average  instead 
of  six  months,  they  were  about  four  months  younger.  In  such  a 
mass  of  materials  as  this,  the  difference  between  four  months  and  six 
months  is  scarcely  worth  considering,  and  does  not  very  materially 
influence  the  practical  results. 


Mr.  Sprague's  Eeplt. 

Mr.  King  argues  that  my  premiums  are  too  low  at  the  younger 
ages,  "because  they  are  calculated  in  a  way  which  does  not  take 
account  of  lapses."    This,  I  think,  is  a  mistake.    Mr.  King  will  no 
doubt  admit  that,  if  the  policies  are  permanently  kept  in  force  till 
death,  my  premiums  are  the  correct  ones  to  charge.    But  if  a  policy 
is  not  kept  up,  the  proper  correction  will  be  made  by  adjusting  the 
surrender  value;  so  that,  in  either  case,  my  premiums  are  correct. 
Mr.  Woolhouse  and  others  doubt  whether  I  am  theoretically  correct 
in  assuming  the  force  of  mortality  to  be  zero  immediately  after  the 
medical  examination.    This  is  a  point  well  deserving  further  consider- 
ation, and  will  no  doubt  receive  it.    At  present  the  only  argument 
brought  against  my  view  is  Mr.  Sutton's,  that  the  force  of  mortality 
is  made  up  of  two  parts,  one  constant  and  the  other  increasing  with 
the  age,  and  that  my  assumption  practically  amounts  to  considering 
each  of  these  parts  to  be  zero.    But  the  above  representation  of  the 
force  of  mortality  applies  only  to  a  mixed  body  of  lives,  and  not  to  a 
body  consisting  wholly  of  lives  which  have  just  passed  a  medical 
examination.    If  we  take  a  body  of  lives,  all  of  the  same  age,  but 
otherwise  mixed,  good  and  bad,  such  as  we  find  among  the  general 
population,  and  divide  them  into  two  groups,  of  which  one  contains  the 
lives  which  would  be  pronounced  by  a  competent  medical  examiner  to 
be  insurable  at  the  ordinary  rate,  and  the  other  contains  the  remaining 
lives,  which  are  all  more  or  less  damaged,  it  would  be  clearly  improper 
to  suppose  that  the  force  of  mortality  is  the  same  in  the  two  groups 
or  is  capable  of  being  represented  by  the  same  formula.    It  appears 
to  me  the  more  reasonable  supposition  that  the  instantaneous  mortality 
of  the  latter  group  will  be  the  same  as  that  of  the  whole  body,  and 
consequently  that  the  instantaneous  rate  of  mortality,  or  the  force 
of  mortality  in  the  former  group  will  be  zero.    Strictly  speaking,  the 
assumption  that  the  force  of  mortality  is  zero  for  a  body  of  lives  that 
have  been  just  medically  examined,  only  amounts  to  this,  that  none 
of  them  will  die  in  the  instant  (or,  practically,  say  in  the  day)  after 
the  medical  examination.    Lastly,  I  do  not  agree  with  Mr.  Bailey 
that  the  method  of  treating  the  year  of  insurance  0  was  a  matter  of 
necessity  and  not  of  choice.    If  it  had  been  decided  to  classify  the 
facts  according  to  the  years  of  insurance  instead  of  the  calendar  years, 
no  difficulty  would  have  arisen  as  to  the  year  0.    It  would  have  been 
necessary  to  make  some  supposition  as  to  the  exact  age  at  entry,  but 
that  is  quite  a  different  matter.    In  order  to  classify  the  facts  according 
to  the  years  of  insurance,  it  is  not  necessary,  as  Mr.  Bailey  implies, 
to  know  the  date  of  birth.    All  that  is  required  is  such  information  as 
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the  following: — Out  of  a  certain  number  of  persons  insuring  at  a 
particular  office  age,  say  30  next  birthday,  so  many  died  within  a  year 
from  the  date  of  insurance,  so  many  lapsed  their  policies  at  the  end  of 
the  1st  year;  so  many  died  in  the  2nd  year  of  insurance,  so  many 
lapsed  at  the  end  of  the  2nd  year;  and  so  on.  The  reason  that  the 
Institute  mortality  experience  gives  no  exact  information  on  these 
points  is,  that  the  calendar  year  of  entry  only  was  asked  for,  and  not 
the  exact  date ;  and  similarly  the  calendar  year  of  death,  or  exit  by 
lapse  or  surrender,  instead  of  the  exact  date  of  death,  lapse,  or  surrender. 
The  Institute  experience  therefore  gives  us  no  exact  information  as  to 
the  rate  of  mortality  among  insured  lives  in  the  year  following  the 
date  of  insurance,  and  would  have  given  us  no  more  information  on 
this  point  even  if  the  date  of  birth  of  all  the  lives  had  been  given 
with  the  greatest  accuracy.  Moreover,  the  above  information  could 
have  been  perfectly  well  given  by  offices  that  could  not  state  the  exact 
date  of  birth,  and  there  was  therefore  no  question  of  throwing  away 
any  part  of  the  experience.  In  conclusion  I  may  remark,  that  in 
investigating  the  rate  of  mortality  in  the  1st,  2nd  ....  years  of 
insurance,  it  is  needless  to  estimate  the  age  of  entry  with  any  minute 
accuracy,  as  differences  of  even  some  years  in  the  age  at  entry  will 
have  a  very  trifling  effect  on  the  mortality  in  the  early  years  of 
insurance. 
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It  would  be  difficult  to  name  a  subject  more  important,  from  a 
financial  point  of  view,  than  that  of  annuities.  They  may  for  all 
practical  purposes  be  divided  into  two  kinds — those  depending  on,  and 
those  independent  of  the  duration  of  human  life.  The  latter,  which 
are  known  to  actuaries  as  annuities  certain,  and  are  by  financiers  often 
called  terminable  annuities,  admit  of  purely  mathematical  treatment, 
whereas  the  former  are  in  the  first  instance  based  on  the  results 
deduced  from  observations  on  the  average  duration  of  human  life. 
Eent-charges  under  the  Lands  Improvement  Acts,  Government  loans, 
corporation  loans,  and  leaseholds,  are  familiar  instances  of  annuities 
certain,  but  the  same  principles  are  carried  still  further  into  the 
business  of  life.  The  famous  "  Three  Years'  System"  is  now  applied 
to  many  other  things  than  the  purchase  of  pianos,  and  numberless 
commercial  transactions  now  involve  the  application  of  the  theory  of 
annuities  certain.  On  the  other  hand,  the  subject  of  life  annuities  is 
one  which  meets  most  of  us  face  to  face  every  day  of  our  lives.  Life 
interests  are  only  too  common,  and  it  is  every  professional  man's  duty 
to  bear  in  mind  that  his  income  is  an  annuity  ceasing  with  his  life, — 
if  not  sooner.  Indeed,  annuities  of  one  kind  or  the  other  are  con- 
stantly coming  under  our  notice,  and  it  is  therefore  nothing  more  than 
we  should  expect  to  find  an  article  on  the  subject  in  a  work  of  such 
pretensions  as  the  Encyclopccclia  Britannica. 
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This  article  is  from  the  pen  of  Mr.  T.  B.  Sprague,  whose  writings 
in  this  Journal  are  well  known  to  all  its  readers.  Many  years  have 
elapsed  since  the  article  by  Mr.  Milne  in  former  editions  of  the 
Encyclopaedia  was  first  published,  and  it  is  throwing  no  discredit 
on  its  writer  to  say  that,  while  extremely  valuable  at  the  time  it  was 
written,  it  is  now  completely  out  of  date,  the  subject  of  life  con- 
tingencies having,  like  most  other  things,  made  great  progress  in  the 
interval.  Not  only  have  many  additions  been  made  to  the  science, 
but  it  is  now  much  more  widely  studied  than  formerly,  and  it  is  no 
exaggeration  to  say  that  there  are  many  actuaries  now  living,  with 
a  far  wider  grasp  of  the  subject  in  all  its  ramifications  than  was 
possessed  by  any  practising  actuary  in  Milne's  time.  The  greatest 
stride  of  all  has  been  made  in  the  application  of  the  methods  of  the 
calculus  to  obtaining  a  formula  which  shall  approximately  represent 
what  is  termed  the  law  of  mortality,  and  to  the  calculation  of  the 
values  of  annuities  based  on  such  law.  One  inestimable  advantage  of 
the  extended  knowledge  of  the  theory  of  life  contingencies,  has  been 
the  promulgation  of  a  uniform  system  of  notation  (for  which,  by  the 
bye,  we  are  in  great  measure  indebted  to  Mr.  Sprague)  ;  and  this 
article  will  serve  a  very  useful  purpose  indeed  in  this  respect,  the 
notation  throughout  being  in  accordance  with  the  system  recommended 
for  adoption  by  the  Institute  of  Actuaries  some  time  ago. 

As  regards  annuities  certain  there  is  little  to  be  said  that  has  not 
already  been  said,  and,  in  fact,  there  is  nothing  in  the  subject  but 
what  a  fairly  intelligent  man  could  easily  acquire.  Mr.  Sprague's 
article  therefore,  as  may  be  expected,  does  not  deal  with  this  part  of 
the  subject  at  any  great  length.  He  gives  the  usual  formulas  in  the 
theory  of  compound  interest,  and  points  out  their  application  to  the 
theory  of  annuities  certain.  Special  points,  too,  such  as  the  separation 
of  the  periodical  payment  into  interest  and  repayment  of  capital,  the 
question  of  sinking  funds  (that  bugbear  to  many  people),  also  the 
question  of  annuities  payable  more  often  than  once  a  year,  are  con- 
sidered. In  connection  with  this  part  of  the  subject,  there  is  given  a 
very  complete  account  of  most  of  the  tables  published  in  England, 
and  at  the  same  time  many  valuable  suggestions  for  their  improvement. 
Considerable  attention  is  given  to  Smart's  Interest  Tables,  and  it  is 
carefully  pointed  out  that  although  these  tables  are  practically  useless 
for  the  odd  half  years,  yet  they  are  theoretically  correct,  and  cannot 
be  called  "  wrong",  as  Mr.  Milne  has  described  them. 

Thus,  for  instance,  the  value  of  1  due  n  +  \  years  hence,  is  given  as 
(1  -f-i)~(n+^,  and  the  value  of  an  annuity  certain  for  n  +  i  years  is  given 

1  —  (l  +  &')~(w+*) 

as  — :  .    As  regards  the  former,  all  that  can  be  said  is  that 

it  is  not  in  accordance  with  practice,  but  as  regards  the  latter  it  is 
difficult  to  say  what  it  stands  for.    The  author  then  proceeds  to  show 

how  "  tables  calculated  at  the  rate  of  interest  —  may  be  used  to  find 

the  amounts  and  present  values  at  the  rate  i  convertible  m  times  a 
year ",  and  makes  the  excellent  suggestion  that  instead  of  using 
"years"  in  the  headings  we  should  use  "terms".  As  a  model  form 
of  heading  for  Interest  Tables,  Mr.  Sprague  gives  the  following  : — 
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Tables  of  Amounts,  "Present  Values,  Sfc.,  at  5  jper-cent  Interest. 

£=•05. 


n 

(1  +  i)n 

(l  +  On-l 

l-(l  +  t)-n 

i 

i 

i 

i 

1  —  (1  4- 1)  n 

+  iyL  —  i. 

1 

1-05000000 

•95238095 

1-00000000 

•95238095 

1-05000000 

1-0000000 

2 

ri02,:ojoo 

•9070291-8 

2-05000000 

1-85941043 

•53780488 

•4878049 

3 

1-15762500 

•86383760 

3-15250000 

2-72324803 

•36720856 

•3172085 

4 

1-21550825 

•82270247 

4-31012500 

3-54595050 

•28201183 

•2320118 

5 

1-27628156 

•78352616 

5-52563125 

4-32947667 

•23097480 

•1809748 

While  strongly  approving  of  the  above  generally,  we  would  suggest 
whether  it  is  really  necessary  to  give  both  the  last  two  columns,  the 
difference  between  them  being  necessarily  i  in  all  cases.  In  passing 
we  would  remark  that,  considering  the  author's  familiarity  with  conti- 
nental writers,  we  were  rather  surprised  to  find  no  mention  of  the 
tables  published  in  France  and  elsewhere. 

It  is,  however,  in  the  part  relating  to  life  annuities  that  most  of 
our  readers  will  be  directly  interested;  and  we  can  confidently  state 
that  the  article  contains,  in  the  space  of  a  few  pages,  the  clearest  and 
completest  account  of  the  subject  that  has  hitherto  been  published. 
After  explaining  the  nature  of  a  mortality  table,  and  showing  how  the 
values  of  annuities  are  derived  therefrom,  there  follows  a  capital  sketch 
of  the  history  of  life  annuities,  including  the  vexed  question  of  the 
first  publication  of  the  method  now  known  as  the  commutation  method. 

After  a  well  digested  review  of  the  whole  evidence  as  to  Barrett's 
share  in  the  matter,  the  author  concludes  as  follows: — "  We  cannot 
help  thinking  that  Barrett's  merits  in  the  matter  have  been  somewhat 
exaggerated.  The  first  idea  of  a  commutation  table  was  not  due  to  him, 
but  (leaving  Tetens  out  of  view)  to  Dale  and  Morgan;  and  it  is  certain 
that  he  was  familiar  with  the  latter's  treatise.  The  change  he  intro- 
duced into  the  arrangement  of  the  table,  namely,  multiplying  by  a  power 
of  (1  +  0  instead  of  by  a  power  of  v,  is  the  reverse  of  an  improvement; 
and  accordingly  his  form  of  table  has  never  been  in  practical  use  by 
any  person  but  himself,  excepting  only  Babbage.  It  is  of  course  not 
to  be  denied  that  great  credit  is  due  to  him,  as  a  self-educated  man, 
for  perceiving  more  clearly  than  his  predecessors  the  great  usefulness 
of  the  commutation  table ;  but  in  our  opinion  he  does  not  stand 
sufficiently  out  from  those  who  preceded  and  followed  him,  to  justify 
the  attempt  to  attach  his  name  to  the  columnar  method  of  calcu- 
lating the  values  of  annuities  and  assurances."  This,  we  are  bound 
to  confess,  exactly  represents  our  own  views,  and,  we  believe,  those  of 
many  others  who  have  considered  the  matter. 

Mr.  Sprague  is,  apparently,  under  the  impression  that  no  joint  life 

commutation  tables,  based  on  De  Morgan's  form  \Dxy=lvl}/v  2  j,  have 
ever  been  published.  If  we  mistake  not,  this  form  has  been  adopted 
in  Dr.  Farr's  English  Life  Table.  Considering,  however,  how  per- 
sistently the  work  in  question  ignores  the  well  established  usages  of 
the  actuarial  profession,  it  is  by  no  means  a  matter  for  surprise  that 
Dr.  Farr  should  find  his  labours  to  some  extent  unknown  among 
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actuaries.  The  same  formula  for  Dxy  is  also  used  in  Mr.  Neison's 
Contributions  to  Vital  Statistics.  The  list  of  D  and  N  tables  will 
be  found  very  useful,  and  includes  nearly  all  of  any  value  that  have 
been  published  in  this  country.  We  notice,  however,  that  no  mention 
is  made  of  the  D  and  N  tables,  based  on  the  Institute  HMF  Table, 
which  were  communicated  to  the  16th  volume  of  this  Journal  by  the 
late  Mr.  Samuel  Brown. 

The  space  at  Mr.  Sprague' s  command  being  very  limited,  many 
questions  could  only  be  treated  in  very  general  terms;  but  we  may 
safely  state  that  every  matter  of  importance  is,  in  some  way  or  other, 
referred  to. 

Thus  for  instance,  the  late  Sir  John  Lubbock's  formula  for  the 
calculation  of  an  annuity  is  given  with  that  very  useful  adjunct,  a 
practical  example  worked  out  in  extenso.  Mr.  Woolhouse's  method  of 
obtaining  the  same  value,  and  which  is,  as  stated  by  Mr.  Sprague,  an 
improved  form  of  Sir  John  Lubbock's,  is  also  treated  in  the  same 
manner.  The  writer  of  this  notice  well  remembers  being  struck  with 
the  similarity  of  the  two  methods,  and  the  reader  will  find  in  vol.  xv, 
p.  307,  of  this  Journal,  a  demonstration  showing  how  Mr.  Woolhouse's 
formula  can  be  deduced  directly  from  Sir  John  Lubbock's.  "  Com- 
paring the  two  processes,"  the  author  says,  "we  see  that  when  we 
have  the  values  of  fi  and  8  already  computed,  Woolhouse's  is  decidedly 
the  shorter.  On  the  other  hand,  it  is  easy  to  see  that  Lubbock's 
formula  applies  not  only  to  annuities  but  to  other  benefits;  and  that 
it  will  be  applicable  to  find  the  values  of  such  quantities  as  contin- 
gent annuities,  the  values  of  which  cannot  be  found  exactly  except 
by  a  very  long  series  of  calculations." 

Again,  in  reference  to  annuities  payable  at  shorter  periods  than  a 
year,  the  author  says: — "When  an  annuity  is  payable  half-yearly,  the 
common  rule  for  rinding  its  value  is  to  add  '25,  or  a  quarter  of  a 
year's  purchase,  to  the  value  of  the  annuity  payable  yearly.  When 
it  is  payable  quarterly,  375  is  added;  and  when  by  instalments  at  n 

equal  periods  throughout  the  year  (or  by  -thly  instalments),  the 

TV 

n-\-l 

addition  is  — —  .    The  values  thus  found  are  sufficiently  correct  for 

most  purposes.  More  correct  methods  of  finding  the  values  of  an- 
nuities payable  half-yearly,  quarterly,  &c,  are  investigated  in  papers 
in  the  Assurance  Magazine,  by  Woolhouse,  xi.  327,  and  by  Sprague, 
xiii.  188,  201,  305.  Some  authors  have  assumed  that  when  an  annuity 
is  payable  half-yearly,  interest  is  also  convertible  half-yearly,  over- 
looking the  circumstance  that  the  true  rate  of  interest  is  thereby 
changed,  as  we  have  explained  in  the  earlier  part  of  this  article.  In 
fact,  as  we  showed,  5  per-cent  interest  convertible  half-yearly,  is 
equivalent  to  a  true  rate  of  interest  £5.  Is.  3d.  per-cent.  If,  then, 
we  have  found  the  value  of  an  annuity  when  payable  yearly  at  5  per- 
cent interest,  and  require,  perhaps,  in  the  course  of  the  same  investi- 
gation, the  value  of  an  annuity  payable  half-yearly,  it  is  clear  that 
that  value  should  be  computed,  not  at  £5.  Is.  3d.  per-cent  interest, 
but  at  5  per-cent ;  or  if  we  prefer  the  rate  £5.  Is.  3d.,  then  the  value 
of  the  annuity  payable  yearly  should  also  be  calculated  at  that  rate." 
Mr.  Sprague,  as  would  naturally  be  expected,  deals  very  lucidly 
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with  the  subject  of  Gompertz's  law  and  Makeham' s  modification 
thereof,  and  his  remarks  are  so  much  to  the  point  that  we  need  offer 
no  apology  for  reprinting  them  at  length. 

"  In  dealing  with  annuities  in  which  three  lives  are  involved,  we 
are  met  by  the  difficulty  that  no  tables  exist  in  which  the  values  of 
such  annuities  are  given  to  the  extent  required  in  practice.  Such 
tables  as  those  computed  for  the  Carlisle  3  per  cent,  table  by  Herschel 
Filipowski  are  of  too  limited  extent  to  be  of  any  practical  utility  ;  for 
the  values  being  given  only  for  certain  ages  differing  by  multiples  of 
five  years,  a  considerable  amount  of  labour  is  required  to  deduce  the 
values  for  other  ages.  When,  therefore,  we  desire  to  find  the  value  of 
an  annuity  on  the  joint  lives  of  say  x,  y,  and  z,  it  is  usual  to  take  the 
two  oldest  of  the  lives,  say  x  and  y,  and  find  the  value  of  axy,  then  to 
look  in  the  table  of  single  life  annuities  for  the  annuity  which  is  nearest 
in  value  to  this, — aw  suppose, — and  lastly,  to  find  the  value  of  awz, 
and  use  it  as  an  approximation  to  that  of  axyz.  De  Morgan,  in  a 
paper  written  for  the  Philosophical  Magazine  for  November  1839, 
and  reprinted  in  the  Ass.  Mag.,  x.  27,  proved  that  the  value  of  axyz 
thus  found  would  be  strictly  accurate,  if  the  mortality  followed  the 
law  known  as  Gompertz's ;  that  is  to  say,  if  the  number  of  persons 
living  according  to  the  mortality  table  at  any  age,  x,  could  be  repre- 
sented by  means  of  the  formula  dg<ix.  Gompertz  proved,  in  the 
Philosophical  Transactions  for  1825,  that  by  giving  suitable  values  to 
the  constants,  the  above  formula  might  be  made  to  represent  correctly 
the  number  living  during  a  considerable  portion  of  life,  say  from  age 
10  to  60 ;  but  in  order  to  represent  by  the  same  formula  the  numbers 
living  at  higher  ages,  it  is  necessary  to  give  fresh  values  to  the  con- 
stants ;  and  the  discontinuity  thence  resulting  has  always  been  a  fatal 
obstacle  to  the  practical  use  of  the  formula.  It  has,  however,  from 
its  theoretical  interest,  attracted  a  great  deal  of  attention  from  actu- 
aries ;  and  numerous  papers  on  the  subject  will  be  found  in  the 
Assurance  Magazine.  A  claim  to  the  independent  (if  not  prior) 
discovery  of  the  formula  has  been  put  forward  by  Mr.  T.  R.  Edmonds ; 
but  this  claim,  resjoecting  which  many  communications  will  be  found 
in  the  Assurance  Magazine,  is  generally  repudiated  by  competent 
judges.  De  Morgan  further  showed  {Ass.  Mag.,  viii.  181)  that  if  the 
above  property  holds  good,  or  axyz—awz,  then  the  mortality  must 
follow  Gompertz's  law ;  and  Woolhouse  gave  independently  a  simple 
algebraical  demonstration  of  the  same  property,  x.  121.  Makeham 
removed  the  above  mentioned  objection  to  Gompertz's  formula,  by 
introducing  another  factor,  and  showed  (Ass.  Mag.,  xii.  315)  that  the 
formula  dgQxsx  will  correctly  represent  the  number  living  at  any  age  x 
from  about  the  age  of  15  upwards  to  the  extremity  of  life  ;  and  this 
formula  has  been  found  very  serviceable  for  certain  purposes. 

"  The  fact  that  Gompertz's  law  does  not  correctly  represent  the 
mortality  throughout  the  whole  of  life,  proves  that  the  above- described 
practical  method  of  finding  the  value  of  an  annuity  on  three  joint  lives 
is  accurate  only  in  certain  cases.  Makeham  has  shown  (Ass.  Mag., 
ix.  361,  and  xiii.  355)  that  when  the  mortality  follows  the  law  indi- 
cated by  his  modification  of  Gompertz's  formula,  the  value  of  an 
annuity  on  two,  three,  or  any  number  of  joint  lives,  can  be  readily 
found  by  means  of  tables  of  very  moderate  extent.    Thus  the  value 
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of  an  annuity  on  any  two  joint  lives  can  be  deduced  from  the  value 
of  an  annuity  at  the  same  rate  of  interest  on  two  joint  lives  of  equal 
ages ;  the  value  of  an  annuity  on  any  three  joint  lives,  by  means  of  a 
table  of  the  values  of  annuities  on  three  joint  lives  of  equal  ages  ;  and 
so  on ;  and  Woolhouse  has  shown  (vol.  xv.  p.  401)  how  the  values  of 
annuities  on  any  number  of  joint  lives,  at  any  required  rate  of  interest, 
can  be  found  by  means  of  tables  of  the  values  of  annuities  on  a  single 
life  at  various  rates  of  interest.  These  methods,  we  believe,  have  not 
hitherto  been  practically  employed  to  any  extent  by  actuaries,  and  it 
would  perhaps  be  premature  to  say  which  of  them  is  preferable. 

"As  the  reader  will  have  observed,  neither  Gompertz's  nor  Makeham's 
formula  represents  correctly  the  rate  of  mortality  for  very  young  ages. 
Various  formulas  have  been  given  which  are  capable  of  representing 
with  sufficient  accuracy  the  number  living  at  any  age  from  birth  to 
extreme  old  age,  but  they  are  all  so  complicated  that  they  are  of  little 
more  than  theoretical  interest  They  are,  however,  likely  to  prove  of 
increasing  value  in  the  problem  of  adjusting  (or  graduating)  a  table 
of  mortality  deduced  from  observations, — an  important  subject,  which 
does  not  fall  within  the  scope  of  this  article.  We  may  mention  in 
particular  those  given  by  Lazarus  in  his  Mortalitats-verhaltnisse  und 
Hire  Ursaclie  (Rates  of  Mortality  and  their  Causes),  1867,  of  which 
a  translation  is  given  by  Sprague  in  the  eighteenth  volume  of  the 

Assurance  Magazine,  namely,  CK  h  H  ;  and  by  Gompertz  (see 
Ass.  Mag.,  xvi.  329), 

k=const.  A^B/*  *C«*Dp,  where  V=6o)^-ul 

"If  lx  represents  the  number  living  at  any  age  in  the  mortality 
table,  the  force  of  mortality,  or  the  instantaneous  rate  of  mortality, 

is  equal  to  j-logelx.    Hence,  in  Gompertz's  original  law  the  force 

of  mortality  at  any  age  x  is  proportional  to  qx,  or  is  equal  to  aqx,  where 
a  is  a  constant;  in  Makeham's  law  the  force  of  mortality  is  equal  to 
ag:x-\-b,  where  a  and  b  are  constants;  and  in  Lazarus's  law  the  force 
of  mortality  is  equal  to  aq_x  +  b  +  cpx,  where  a,  b,  and  c  are  constants, 
or  to  ae-~mx  +  b  +  C€nx.  Dr.  Thiele  has  shown  (see  Ass.  Mag.,  xvi. 
313)  how  to  graduate  a  mortality  table,  by  assuming  the  formula  for 
the  force  of  mortality,  a^"^  +  a2€~^b%x~e^  +  a^x ;  and  Makeham  has 
explained  (Ass.  Mag.,  xvi.  344)  a  very  convenient  practical  method 
for  adjustment,  which  results  in  assuming  that  the  number  living 
at  any  age  x  can  be  accurately  represented  by  the  sum  of  three  terms 
of  fche  form  dg^xsx. 

"  The  employment  of  formulas  such  as  those  given  in  the  last 
paragraph,  and  the  application  of  the  differential  calculus  to  the  theory 
of  life  contingencies,  have  naturally  led  to  an  improvement  in  the 
theory  which  is  probably  destined  to  become  of  very  great  importance 
— we  refer  to  the  introduction  of  the  idea  of  "  continuous  "  annuities 
and  assurances.  If  the  intervals  at  which  an  annuity  is  payable  are 
supposed  to  become  more  and  more  frequent,  until  we  come  to  the 
limit  when  each  payment  of  the  annuity  is  made  momently  as  it 
accrues,  the  annuity  is  called  continuous.  Strictly  speaking,  of  course, 
this  is  an  impossible  supposition  as  regards  actual  practice;  but  if 
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an  annuity  were  payable  by  daily  instalments,  its  value  would  not 
differ  appreciably  from  that  of  a  continuous  annuity ;  and  if  the 
annuity  be  paid  weekly,  the  difference  will  be  so  small  that  it  may 
be  alwa}rs  safely  neglected.  The  theory  of  continuous  annuities  has 
been  fully  developed  by  Woolhouse  (Ass.  Mag.,  xv.  95).  Assuming 
the  number  living  in  the  mortality  table  at  any  age  x  to  be  repre- 
sented by  lx,  the  value  of  a  continuous  annuity  on  a  nominee  of  the 
If00  If00 

age  x  is  -    lxvxdx—  y-    lxe~Bxdx ,  putting  8=log  (1  +  i).  From 

*X  J  X  ^x)x 

the  nature  of  the  case,  lx  must  be  a  function  that  is  never  negative 
for  positive  values  of  x;  and  as  x  becomes  larger,  lx  must  continually 
diminish,  and  must  vanish  when  x  becomes  infinite.  It  will  be  noticed 
here  that  the  superior  limit  of  the  integral  is  go  .  This  is  necessary  if 
lx  is  a  continuous  mathematical  function ;  for  in  that  case,  however 
large  x  be  taken,  lx  will  never  become  absolutely  zero.  Makeham  has 
shown  (Ass.  Mag.,  xvii.  305)  that  when  the  number  living,  lx,  can  be 
correctly  represented  by  the  formula  cg^xe~ax,  the  value  of  a  con- 

1  If00 

tinuous  annuity  is  equal  to   •—  I  10~10z.  €~nz.dz,  where 

log  £  10-10*.e-H* 

n=  a^~&  ?  and  z—x  log  i0£  +  logio  -  ;  and  he  has  given  (pp.  312-327) 

l°oio?  %  9 

a  table,  by  means  of  which  the  value  of  the  annuity  can  be  found 

when  the  values  of  n  and  z  are  known.  This  table  requires  a  double 
interpolation,  and  is  therefore  rather  troublesome  to  use.  Mr.  Emory 
M'Clintock  has  shown  in  the  eighteenth  volume  of  the  Assurance 
Magazine,  how  the  value  of  an  annuity  may  be  found  by  means  of 
the  ordinary  tables  of  the  gamma-function.  As  Lazarus  has  pointed 
out  in  his  above-mentioned  paper,  when  mortality  tables  are  given  in 
the  ordinary  form,  it  is  difficult  to  compare  them  and  define  precisely 
their  differences ;  but  if  they  can  be  accurately  represented  by  a  for- 
mula containing  only  a  few  constants,  it  becomes  easy  to  show  wherein 
one  table  differs  from  another ;  and  the  methods  of  Makeham  and 
M'Clintock  enable  us  to  compare  the  values  of  annuities,  for  any  ages 
desired,  according  to  different  tables  as  determined  by  such  constants, 
without  the  labour  of  computing  the  mortality  tables  in  the  usual 
form.  They  can  therefore  scarcely  fail  to  grow  in  popularity  as  they 
become  better  known. " 

There  is  one  other  point  to  notice.  Apropos  of  the  numerous 
references  to  contributions  which  have  appeared  in  this  Journal,  the 
writer  gives  a  brief  history  of  the  Institute  of  Actuaries,  and  under 
the  circumstances  we  trust  our  readers  will  pardon  us  for  quoting  the 
passage  at  length. 

The  student  who  wishes  to  pursue  the  subject  more  thoroughly,  and  to  become 
acquainted  with  all  the  improvements  in  the  theory  of  annuities  that  have  been 
introduced  of  late  years,  should  carefully  study  the  various  articles  contributed  to 
the  Journal  of  the  Institute  of  Actuaries,  particularly  those  of  Woolhouse  and 
Makeham.  The  Institute  was  founded  in  the  year  1818,  the  first  sessional  meeting 
being  held  in  January  1819.  Its  establishment  has  contributed  in  various  ways 
to  promote  the  study  of  the  theory  of  life  contingencies.  Among  these  may  be 
specified  the  following: — Before  it  was  formed,  students  of  the  subject  worked 
for  the  most  part  alone,  and  without  any  concert;  and  when  any  person  had  made 
an  improvement  in  the  theory,  it  had  little  chance  of  becoming  publicly  known 
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unless  he  wrote  a  formal  treatise  on  the  whole  subject.  But  the  formation  of  the 
Institute  led  to  much  greater  interchange  of  opinion  among  actuaries,  and  afforded 
them  a  ready  means  of  making  known  to  their  professional  associates  any  improve- 
ments, real  or  supposed,  that  they  thought  they  had  made.  Again,  the  discussions 
which  follow  the  reading  of  papers  before  the  Institute  have  often  served,  first,  to 
bring  out  into  bold  relief  differences  of  opinion  that  were  previously  unsuspected, 
and  afterwards  to  soften  down  those  differences, — to  correct  extreme  opinions  in 
every  direction,  and  to  bring  about  a  greater  agreement  of  opinion  on  many  impor- 
tant subjects.  In  no  way,  probably,  have  the  objects  of  the  Institute  been  so 
effectually  advanced  as  by  the  publication  of  its  Journal.  The  first  number  of 
this  work,  which  was  originally  called  the  Assurance  Magazine,  appeared  in 
September  1850,  and  it  has  been  continued  quarterly  down  to  the  present  time. 
It  was  originated  by  the  public  spirit  of  two  well-known  actuaries  (Mr  Charles 
Jellicoe  and  Mr.  Samuel  Brown),  and  was  carried  on  by  them  for  two  years, — we 
believe,  at  a  considerable  loss.  It  was  adopted  as  the  organ  of  the  Institute  of 
Actuaries  in  the  year  1852,  and  called  the  Assurance  Magazine  and  Journal  of 
the  Institute  of  Actuaries,  Mr.  Jellicoe  continuing  to  be  the  editor, — a  post  he 
held  until  the  year  1867,  when  he  was  succeeded  by  Mr  Sprague.  The  name  was 
again  changed  in  1866,  the  words  "Assurance  Magazine"  being  dropped;  but  in 
the  following  year  it  was  considered  desirable  to  resume  these,  for  the  purpose  of 
showing  the  continuity  of  the  publication,  and  it  is  now  called  the  Journal  of  the 
Institute  of  Actuaries  and  Assurance  Magazine.  This  work  contains  not  only 
the  papers  read  before  the  Institute  (to  which  have  been  appended  of  late  years 
short  abstracts  of  the  discussions  on  them),  and  many  original  papers  which  were 
unsuitable  for  reading,  together  with  correspondence,  but  also  reprints  of  many 
papers  published  elsewhere,  which  from  various  causes  had  become  difficult  of 
access  to  the  ordinary  reader,  among  which  may  be  specified  various  papers  which 
originally  appeared  in  the  Philosophical  Transactions,  the  Philosophical  Magazine, 
the  Mechanics'  Magazine,  and  the  Companion  to  the  Almanac;  also  translations 
of  various  papers  from  the  French,  German,  and  Danish.  Among  the  useful  objects 
which  the  continuous  publication  of  the  Journal  of  the  Institute  has  served,  we 
may  specify  in  particular  two: — that  any  supposed  improvement  in  the  theory  was 
effectually  submitted  to  the  criticisms  of  the  whole  actuarial  profession,  and  its 
real  value  speedily  discovered;  and  that  any  real  improvement,  whether  great  or 
small,  being  placed  on  record,  successive  writers  have  been  able,  one  after  the  other, 
to  take  it  up  and  develop  it,  each  commencing  where  the  previous  one  had  left  off. 
The  result  has  been,  as  stated  above,  that  great  advances  have  lately  been  made 
in  the  theory.  It  may  be  truly  said  that  the  recent  advances  and  improvements  in 
the  theory  of  life  contingencies  have  rendered  all  the  existing  text-books  antiquated; 
and  until  a  new  one  shall  be  produced,  bringing  the  treatment  of  the  subject  down 
to  the  present  time,  a  complete  knowledge  of  it  can  only  be  gained  by  a  diligent 
study  of  the  Journal  of  the  Institute  of  Actuaries  and  Assurance  Magazine. 

It  may  interest  our  readers  to  know  that  the  Council  of  the  Insti- 
tute contemplate  the  publication  of  such  a  text-book  as  that  here 
described,  and  that  the  necessary  preliminary  steps  in  the  matter  have 
already  been  taken. 

W.  S. 


HOME  AND  FOKEIGN  INTELLIGENCE. 


Germany.    Gotha  Mutual  Life  Insurance  Office.    Extracts  from 

the  Report  for  1874.  * 

Although  several  important  events  affecting  the  development  of 
the  German  Empire  occurred  in  1874,  commercial  affairs  remained  in 
the  same  stagnant  condition  as  in  the  previous  year,  and  continued  to 
suffer  from  the  effects  of  the  late  severe  and  widespread  crisis.  The 
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harvest  generally  was  ample,  and  yet  there  was  scarcely  any  diminution 
in  the  cost  of  the  necessaries  of  life.  Still  the  accounts  of  the  principal 
life  insurance  companies  seem  favorable,  and  the  experience  of  the 
Ootha  office  may  be  said  to  be  good  in  every  respect,  showing  that 
the  unsatisfactory  state  of  business  generally  cannot  have  been 
materially  injurious  to  this  particular  branch.  In  a  country  like 
Germany,  where  only  a  small  percentage  of  the  population  look  upon 
life  insurance  in  the  light  of  a  duty,  the  growth  of  the  companies 
will  not  be  affected  to  any  considerable  extent  by  commercial  fluctu- 
ations, whether  favorable  or  unfavorable ;  the  same  exertions  will 
from  year  to  year  increase,  if  only  to  a  trifling  extent,  the  number 
of  insurances;  and  though  it  cannot  be  denied  that  great  calamities 
and  events  which  convulse  the  world,  and  exclusively  occupy  men's 
thoughts  for  a  long  time,  will  occasionally  check  even  these  small 
additions,  yet,  on  the  other  hand,  to  all  provident  persons,  such  events 
act  as  stern  and  effective  reminders  of  the  danger  of  neglecting  life 
insurance. 

The  following  report  of  the  operations  of  the  GotJia  office  will 
fully  confirm  the  statement  made  above,  that  the  progress  of  the 
Society  during  the  past  year  has  been  satisfactory  in  every  respect. 
The  amount  of  the  new  insurances  was  greater  than  in  any  former 
year:  the  net  increase  in  the  total  insurances  after  deduction  of  sur- 
renders and  lapses,  was  £815,986#;  this  exceeded  by  £18,100,  the 
amount  for  1873,  and  was  only  £73,443  less  than  the  corresponding 
sum  for  1872,  which  was  the  largest  ever  recorded. 

The  whole  expenditure  of  the  past  year  having  been  met  or  provided 
for,  and  a  proper  reserve  made  for  the  liabilities  in  respect  of  the 
policies  in  force,  there  remains  a  net  surplus  of  £163,420.  This  is 
the  largest  ever  made  by  the  office  in  one  year ;  and  if  the  rules  of  the 
Society  did  not  require  it  to  be  amalgamated  with  the  surpluses  of  the 
two  adjacent  years,  it  would  be  sufficient  to  provide  a  bonus  of  38  3 
per-cent  upon  the  premiums  received  in  the  year.  This  gratifying 
result  was  obtained  at  an  expenditure  (including  Agents'  Commission) 
of  only  5*31  per-cent  of  the  year's  income. 

We  now  subjoin  details  of  the  year's  transactions: — 


New  Insurances. 


Proposals. 

Amounts. 

Policies  issued  on  new  lives  . 

3,387 

£1,018,729 

„        „      on  lives  already  insured  . 

561 

169,729 

3,948 

£1,188,458 

Proposals  declined  by  the  office 

535 

180,614 

,,       withdrawn  by  the  proposers 

64 

33,486 

,,       in  progress  at  the  end  of  the 

year  ..... 

96 

25,772 

Total  new  proposals 

4,643 

£1,428,330 

The  3,948  policies  issued  were  upon  3,890  lives,  whose  ages  were 
as  follows:— 

*  7  thalers  are  taken  as  equal  to  £1. 
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From  15  to  20 

years   23  lives  insured  for  £8,743 

>> 

21  „  25 

?  > 

267 

49,814 

5  J 

26  „  30 

?  > 

742 

>  > 

227,029 

J  J 

31  „  35 

958 

J5               )  J 

319,072 

>> 

36  „  40 

?  > 

806 

If               J  J 

262,772 

>> 

41  „  45 

>j 

475 

J?  JJ 

142,443 

JJ 

46  „  50 

>> 

345 

>>  » 

110,986 

J  J 

51  „  55 

?> 

178 

»  >J 

44,943 

J) 

56  „  60 

j? 

84 

>> 

19,014 

J> 

61  „  65 

>j 

11 

J?  JJ 

3,071 

J5 

66  „  67 

)? 

1 

?>  >> 

571 

Total  . 
The  greatest  number  of 

3,890 

insurances  was 

£1,188,458 

new 

effected  at 

namely,  212 ;  at  this  age  also  the  amount  insured  was  greatest,  namely, 
£73,586.  Of  the  3,890  persons,  3,721  were  males,  insured  for 
£1,147,586,  and  169  were  females,  insured  for  £40,872. 


Total  Insurances  m  Foece. 

Lives. 

Insurances  in  force  on  1  January  1874  .  42,522 
Add  New  insurances  during  the  year       .  3,387 


Deduct  Cancelled: — 

By  deaths  occurring  in 
1872  and  1873  . 

„  do.  in  1874  . 

„  short-term  policies 
expired 

„  policies  become  pay- 
able in  lifetime 

,,  policies  issued  but 
not  taken  up 

„  surrenders  and  lapses 


45,909 
Lives.   Sums  Insured. 


Sums  Insured. 
£11,999,514 
1,188,458 

£13,187,972 


2 

917 
11 

12 

76 
247 


£215 
246,800 

3,557 

2,300 

27,829 
91,771 


1,265 


372,472 


Remaining  in  force  at  the  end  of  1874 


44,644  £12,815,500 


The  net  increase  was  therefore  £815,986,  insured  on  2,122  lives. 
The  insurances  may  be  classified  as  follows: — 
(a)  According  to  the  nature  of  the  insurances : — 

Lives.  Sums  Insured.  An.  Prems. 

Payable  at  death  or  on 

attaining  the  age  of  90  41,491  £11,908,572  £394,201 
Payable  at  death  or  at 

ages  less  than  90       .  2,859  829,614  37,958 

Survivorships        .       .  235  60,400  1,524 

For  terms  of  years        .  59  16,914  322 


44,644    £12,815,500  £434,005 
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Males 
Females 


Lives. 
42,493 
2,151 


Sums  Insured. 
£12,372,271 
443,229 


44,644  £12,815,500 


(<?)  According  to  the  ages  of  the  insured  and  amount  of  insur- 
ances : — 


Number  of  Lives  at  Ages  undermentioned. 

Total. 

Sums 

Insured. 

15-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

Lives. 

Sums 
Insured. 

£15  to  £150 
151  „  300 
301  „  450 

36 
7 

1,673 
619 
180 

6,174 
2,484 
940 

7,122 
2,689 
1,057 

5,593 
2,078 
765 

3,021 
1,138 

419 

1,036 
416 
161 

112 

45 
13 

24,767 
9,476 
3,535 

£ 

2,604,286 
2,398,700 
1,453,400 

451  „  600 
601  „  750 

2 

93 
101 

540 
589 

642 
586 

446 
359 

212 
159 

93 
49 

10 
6 

2,038 
1,849 

1,144,229 
1,313,957 

751  „  1,000 

53 

347 

405 

271 

102 

40 

3 

1,22 1 

1,059,957 

1,001  „  2,000 

i 

70 

431 

451 

287 

115 

45 

1 

1,401 

1,932,043 

2,001  „  3,000 

21 

128 

123 

71 

12 

2 

357 

908,928 

46 

2,810 

11,633 

13,075 

9,870 

5,178 

1,842 

190 

44,644 

12,815,500 

The  youngest  age  of  the  lives  insured  was  15,  at  which  age  there 
were  3,  insured  for  £500.  The  oldest  age  was  89,  at  which  age  there 
were  also  3  lives  insured  for  sums  together  amounting  to  £1,643. 
Between  these  limits  there  were  insurances  at  all  ages,  the  greatest 
number  (1,452)  at  age  41.  In  consequence  of  the  large  accession  of 
young  lives,  the  average  age  of  all  the  lives  was  further  reduced,  being 
47  years  and  9  months  in  1873,  and  47  years  and  7  months  in  1874. 
The  average  amount  insured  upon  each  life,  which  was  £282  at  the 
beginning  of  the  year,  rose  to  £287  at  the  end  of  the  year.  The  sum 
at  which  the  greatest  number  of  insurances  (11,832)  was  effected  was 
£143  (=1,000  thalers). 

Claims. 

(From  1872.)  13  claims  remained  for  adjustment  in  1874,  in- 
cluding one  (£72)%vhich  had  not  been  previously  reported.  In  one 
case  the  sum  insured  (£429)  was  forfeited;  the  Declaration  having 
been  proved  by  judicial  decision  to  be  untrue.  Two  claims  (sums 
insured  £286)  were  again  postponed:  in  one  case  the  claim  was 
disputed  by  the  office,  on  the  ground  that  the  life  insured  had  com- 
mitted suicide ;  in  the  other  the  policy  was  lost,  and  the  probationary 
term  of  two  years  not  having  expired  until  December  last,  a  legal 
discharge  could  not  be  obtained  before  the  end  of  the  year.  The 
remaining  10  (for  £914)  were  paid. 

(From  1873.)  107  claims  were  left  for  adjustment  in  1S74, 
including  one  (£143)  which  had  not  been  previously  reported.  Of 
these  98  were  paid  (£24,171)  and  9  (£1,571)  were  postponed  because 
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the  policies  were  lost  and  the  two  years  probationary  delay  had  not 
expired. 

In  1874,  917  claims  occurred,  of  which 

899    (£242,057)  were  admitted. 

3    (         357)  temporarily  postponed  on  technical  grounds. 
15    (      4,386)  being  deaths  by  suicide,  the  claims  on  the 
sums  insured  were  forfeited. 


917  (£246,800) 


The  cases  in  which  payment  of  the  full  sum  insured  could  not  be 
allowed  have  all  been  settled:  the  holders  of  the  policies  have  surren- 
dered them  to  the  office  on  receiving  the  compensation  appropriated 
to  them  out  of  the  reserve  together  with  the  bonuses. 

The  difference  between  the  claims  expected,  according  to  an  esti- 
mate founded  upon  the  mortality  tables,  and  the  actual  claims,  was  as 
follows: — 

Expected  claims    .       .    £271,990    on    1,012  03  deaths. 
Actual       „        .       .      242,414     „  902 


Difference.       .      £29,576     „  11003 


The  general  healthiness  of  the  lives  w^as  the  sole  cause  of  the  claims 
falling  short  of  the  expectation;  for  the  mortality  was  not  greater 
among  the  smajl  insurances  than  among  those  for  larger  sums,  and 
the  amount  of  each  of  the  actual  claims  w^as,  on  the  average,  precisely 
the  same  as  that  of  the  expected  claims,  namely,  £268. 

In  order  to  determine  the  actual  profit  gained  by  the  office  through 
favorable  conditions  of  mortality,  we  must  take  into  account  the 
reserve  which  was  made  in  respect  of  both  the  expected  and  actual 
mortality.  The  proportionate  reserve,  having  regard  to  the  ages,  that 
belongs  to  the  expected  claims  (£271,990)  amounts  to  £92,598:  for 
the  actual  claims  (£242,414)  there  was  a  reserve  of  £96,172  in  hand. 
The  reserve  for  the  larger  amount  wTas  therefore  less  than  that  for  the 
smaller.  This  is  simply  because  a  large  proportion  of  the  actual 
deaths  occurred  at  high  ages,  at  wThich  of  course  the  reserves  were 
greater.  If  wre  diminish  the  expected  claims  (£271,990)  by  the 
estimated  reserve  pertaining  thereto  (£92,598)  and  the  actual  claims 
(£242,414)  by  the  actual  amount  reserved  in  respect  of  them 
(£96,172),  and  subtract  the  latter  result  from  the  former,  we  have  a 
sum  of  £33,150,  which  is  the  profit  derived  from  the  low  rate  of 
mortality. 

The  following  table  shows  the  proportion  which  the  actual  mortality 
among  the  lives  insured  in  1874  bore  to  the  expected  mortality.  The 
deaths  by  suicide,  &c,  are  included  in  this  table.  The  ages  are  taken 
as  at  the  dates  w^hen  the  premiums  fell  due  in  1874. 
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Ages. 

Insurances 

in  force 
during  1874. 

Deaths. 

Difference. 

Number  of 

Lives 
exposed  to 
Risk  for  a 
whole  Year. 

iTiui  Lenity 

per-cent. 

Actual. 

1VJLUI  t5. 

ijess. 

15-25 

592 

3-98 

1 

■ 

2-98 

435 

•23 

26-30 

2,359 

1991 

9 

10-91 

1,970 

•46 

31-35 

5,156 

5125 

29 

22-25 

4,688 

•62 

36-40 

6,657 

75-50 

30 

45-50 

6,281 

•48 

41-45 

6,831 

83-59 

47 

36*59 

6,628 

•71 

46-50 

6,435 

98-80 

78 

20-80 

6,291 

1-24 

51-55 

5,696 

114-14 

97 

1714 

5,624 

1-72 

56-60 

4,414 

11311 

107 

6-11 

4,381 

2-14 

61-65 

3,164 

104-66 

123 

18-34 

3,156 

3-90 

DO— /  U 

10318 

127 

23-82 

5*58 

71-75 

1,425 

10074 

135 

34-26 

1,420 

9-51 

76-80 

651 

83-22 

85 

1-78 

649 

13-10 

81-85 

209 

46-41 

40 

6-41 

208 

1923 

86-90 

37 

13-54 

9 

4-54 

34 

26-47 

45,909 

1012-03 

917 

78-20 

173-23 

44,043 

2-08  on 
the  average. 

The  average  age  at  entry  of  those  who  died  was  40  years  and 
4  months  (the  first  insurance  only  heing  regarded  when  there  were 
more  than  one  on  the  same  life),  and  at  death  61  years  and  6  months. 
The  average  duration  of  these  insurances  was  therefore  21  years  and 
2  months.  The  distribution  of  deaths  as  regards  sex  was  860  males 
and  57  females;  and  as  there  were  43,673  males  and  2,236  females 
insured,  the  mortality  of  the  former  was  1*97  per-cent,  and  of  the 
latter  2*55  per-cent.  The  mortality  of  the  females  was  therefore, 
as  usual,  somewhat  greater  than  that  of  the  males,  although  their 
average  ages  were  nearly  the  same. 

In  the  Appendix  are  given  tables  showing  the  causes  of  death, 
the  occupations  of  those  who  died,  the  months  of  the  year  in  which 
the  deaths  took  place,  the  ages  at  death,  and  the  duration  and  amount 
of  each  policy;  males  being  in  all  cases  distinguished  from  females. 
The  substitution  of  these  tables  for  the  lists  of  claims  hitherto  appended 
to  the  Report  will,  it  is  hoped,  add  considerably  to  its  value.  [We 
subjoin  abstracts  of  two  of  these  tables,  see  p.  127.] 

Insurances  which  became  payable  in  Lifetime. 

Last  year,  5  of  the  insured  reached  90  years  of  age,  and  conse- 
quently received  in  their  lifetime  the  sums  insured  (£829),  although 
they  had  only  paid  the  ordinary  premiums.  Besides  these,  7  who  had 
paid  additional  premiums  to  acquire  this  advantage  at  younger  ages, 
received  the  sums  insured  (£1,471)  on  attaining  those  ages. 

Cash  Bonuses. 

Of  the  profit  made  in  1868  and  divisible  in  1873,  there 

was,  at  the  end  of  1873,  a  balance  in  hand  of  .        .  £1,176 

Of  this,  the  sum  paid  to  the  participants,  up  to  8  Decem- 
ber 1874,  was  712 


Leaving  a  balance  of    ...  .  £464 
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which,  according  to  the  Eules,  is  forfeited  to  the  Society  and  is 
included  in  the  receipts. 

The  honus  payable  in  1874  was  derived  from  the  sur- 
plus of  1869,  and  amounted  to  37  per-cent  of  the 
premiums,  or  ...... 

Of  this,  there  was  paid  to  the  insured,  partly  by  deduc- 
tions from  the  premiums  and  partly  in  cash  . 

Leaving  


£118,013 
116,722 


 £1,291 

which  may  be  received  by  the  parties  concerned,  provided  application 
be  made  not  later  than  8  December  1875. 

Payments  for  Surrenders. 
The  sum  paid  last  year  out  of  the  Keserve  Fund  for  surrendered 
policies  amounted  to  £6,943,  of  which,  £739  was  paid  in  respect  of 
deaths  from  suicide. 

The  difference  between  the  payments  and  receipts  of  the  year  was 
£192,062,  raising  the  funds  at  the  end  of  the  year  to  £3,155,007. 
This  increase  of  the  funds  is  however  not  the  real  surplus  of  the  year 
1874.  In  order  to  find  this,  the  value  on  31  December  1874  of  all  the 
liabilities  of  the  Society  must  be  ascertained.   These  were  as  follows: — 


Claims  and  bonuses  now  due  but  not  yet  paid 
Deposits  received  in  cash  to  be  hereafter  accounted  for 
The  reserve,  or  the  value  of  all  policies  in  force  on 
31  December  1874,  irrespective  of  the  premiums 
paid  in  advance  for  periods  after  that  date 
Premiums  and  parts  of  premiums  paid  in  advance 
for  periods  after  31  December  1874  . 

Deducting  this  value  of  the  liabilities  on  31  Decem- 
ber 1874  from  the  above  mentioned  funds 


£35,463 
20,980 


2,224,969 

214,032 
£2,495,444 

3,155,007 
£659,563 


We  find  the  net  surplus  to  be 

This  serves  in  the  first  instance  as  a  Guarantee  Fund, 
to  meet  extraordinary  contingencies ;  but  a  proportion  of 
it  is  divided  from  year  to  year. 

Deducting  from  this  amount  the  net  surpluses  of 

1870  to  1873,  which  are  included  in  it  (see  below)  496,143 

We  have  £163,420 

for  the  amount  of  net  profit  earned  in  1874. 

Last  year  the  sum  of  £118,013  was  taken  from  the  Guarantee  Fund 
for  paying  cash  bonuses.    The  Fund  is  now  composed  as  follows:  — 

Eesidue  of  surplus  of  1870      .       .  £62,244 


Surplus  of  1871 
1872 
1873 
1874 


Total . 


126,781 
141,216 
162,902 
163,420 

£659,563 
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The  surplus  belonging  to  the  insurance  year  1870-71  will  be 
returned  in  the  course  of  1875  to  those  entitled  to  profits,  in  proportion 
to  the  full  yearly  premiums  paid  in  1870.    It  comprises 

1.  The  residue  of  the  surplus  of  1870     .       .       .  £62,244 

2.  A  sum  which  bears  to  the  surplus  of  1871  the 
proportion  which  the  premiums  carried  over  to 
1871  from  1870  bear  to  the  total  premiums  of 

1871.    This  sum  will  be  found  to  be  .       .       .  60,614 

3.  To  avoid  fractions  in  the  rate  of  bonus,  there 
has  been  taken  from  the  surplus  of  1871  a  further 

sum  of    311 


Total  £123,169 

The  ordinary  premiums  paid  in  1870  for  whole  life  and  survivor- 
ship insurances  being  £332,889,  the  above  sum  of  £123,169  gives  a 
bonus  of  37  per-cent,  payable  in  the  course  of  1875 — on  all  existing 
policies  by  way  of  reduction  of  premiums ;  and  on  all  policies  cancelled 
by  death  or  surrender,  by  payment  in  cash  on  bonds  which  are  issued 
at  the  extinction  of  the  policies. 

From  the  above  it  will  appear  that  there  still  remains  of  the 
surplus  of  1871  a  balance  of  £65,856  towards  next  year's  bonus. 

The  total  assets  of  the  Society  amount  to  £3,155,007,  the  principal 
part  of  which  is  invested  on  loans  and  mortgages  as  follows  : — 

£2,707,115  first  mortgages  on  land  of  at  least  double  the  value. 
11,357  first  mortgages  on  house  property  of  at  least  double 

the  value,  and  insured  against  fire. 
153,000  in  bonds  of  public  loan  societies  based  on  land 
securities,  particularly  mortgage  bonds  of  Prussian 
provinces,  Prussian  and  Bavarian  revenue  bonds. 
1,878  in  bonds  of  public  corporations  which  are  under 

supervision  of  the  State. 
3,686  on  mortgages  of  German  stocks  or  bonds,  whose 
value  exceeds  the  loan  by  at  least  10  per-cent. 

£2,877,036 

The  average  rate  of  interest  upon  these  investments  is  483  per- 
cent. 

Among  the  above  mentioned  securities  there  is  a  sum  of  £3,000 
for  an  estate  in  West  Prussia,  in  regard  of  which  a  loss  of  £1,571  has 
been  written  off  in  the  first  quarter  of  the  current  year.  This  is  the 
estate  which  was  valued  by  public  appraisers  at  £10,575,  and  upon 
which  the  office  advanced  £3,000.  Reference  to  it  has  already  been 
made  in  the  reports  for  the  years  1868-71,  and  it  was  stated  in  the 
report  for  1871  that  after  holding  the  estate  for  several  years  the 
office  had  sold  it  at  a  price  which  completely  covered  the  amount  of 
the  original  loan.  The  loss  has  been  caused  by  delay  in  payment  of 
the  purchase  money.  It  was  hoped  that  the  purchaser,  who  was 
described  as  an  intelligent  and  industrious  farmer,  would  be  able  to 
pay  the  purchase  money  by  instalments  out  of  the  profits  of  the  farm, 
which  contained  2,043  acres ;  but  in  this  hope  the  office  was  deceived. 
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In  order  to  save  further  and  greater  sacrifices,  it  was  necessary  to 
get  rid  of  the  estate  entirely,  which  could  only  be  done  at  a  loss  of 
the  sum  above  mentioned.  The  loss  will  be  entered  in  the  accounts  of 
the  current  year,  and  will  therefore  appear  in  next  year's  Report. 

The  interest  due  on  loans  is  stated  in  the  accounts  at  £34,277;  this 
however  includes  £31,179  for  accrued  interest,  payable  in  1875  or  at 
the  end  of  1874:  the  balance  (£3,098)  is  the  amount  due  and  unpaid 
at  the  end  of  1874,  and  has  since  been  received,  with  the  exception  of 
three  sums  together  amounting  to  £178,  which  are  in  dispute. 

The  agents'  balances  amount  to  £32,681,  and  are  less  than  the 
total  premiums  due  in  December:  the  majority  of  these,  on  account 
of  the  four  weeks'  grace  allowed,  had  not  been  received  at  the  end  of  the 
year,  and  therefore  could  not  be  remitted  by  the  agents.  Nearly  the 
whole  amount  has  since  been  received. 


Deaths  in  1874. 


Cause  of 

Death. 

Classed : — 

(1)  According  to 
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5 

1 

5 

2 

3 

5 

4 

3 

1 

2 

1 

32 

Private  Teachers  . 
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Beyenue  Account  for  the  Tear  1874. 


Receipts. 

Amount  of  Funds  at  end  of  1873  .       .       .  £2,962,945 
New  premiums  for  1874       .       .  86,680 
Renewal  premiums       .       .       .  390,296 

Total  premiums     .       .       .   426,976 

Extra  premiums  and  commuted  premiums      .  12,666 

Premiums  paid  in  advance     ....  110 

Interest  on  loans          .....  140,770 

Bonuses  of  1868  unclaimed    ....  464 

Profit  from  exchange  and  discounts       .       .  285 

House  rent,  deducting  charges       ...  86 

Extra  receipts  for  deposits,  &c.      .       .       .  5,795 


Total  £3,550,097 


Payments. 

877  Claims  by  death   £235,185 

12    do.    fallen  due  in  lifetime   .       .       .  2,300 

Bonuses  to  the  insured   117,434 

Do.  unclaimed  (as  per  contra)       .       .       .  464 

Surrenders    .......  6,943 

Commission  .......  14,379 

Expenses  of  management       ....  16,801 

Repayments  of  deposits,  &c.  ....  1,584 

Amount  of  funds  at  end  of  1874    .       .       .  8,155,007 


Total  £3,550,097 


Balance  Sheet  for  31  December  1874. 
Liabilities. 

Claims  unsettled  (144)   £34,172 

Unclaimed  bonuses  of  the  year  1869      .       .  1,291 

Deposits  received  ......  20,980 


Keserve  (value  of  policies  in  force  at  the  end 

of  the  year)   2,224,969 

Premiums  and  proportions  of  premiums  paid 
for  periods  after  31  Deer.  1874  .  £219,799 

Less  Agents'  commission  already 

paid  thereon    ....  5,767 

  214,032 

G-uarantee  Fund : — 

Surplus  of  1870-73  .  .  £496,143 
Surplus  of  1874     .       .       .  163,420 

  659,563 


Total  £3,155,007 
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Assets. 


Cash  and  bills  in  hand  . 
Loans  on  mortgage,  &c. 
Loans  on  policies  . 
Half-premiums  unpaid  . 
Interest  due  on  loans 
Do.  from  Bankers  and  others 

Agents'  balances  . 

Value  of  the  Society's  house 

Total  . 


£34,277 
22,991 


£11,325 
2,877,036 
142,175 
29,111 


57,271 
32,681 
5,408 

£3,155,007 


D.  A.  B. 


NATIONAL  LIFE  ASSURANCE  SOCIETY. 

Established  1830. 

Extracts  from  the  Eeport  of  the  Actuary  (Chas.  Ansell,  Jr.) 
upon  the  Quinquennial  Valuation  up  to  31  Dec.  1875. 

The  first  quinquennial  investigation  of  the  affairs  of  the  Society 
made  in  accordance  with  the  provisions  of  the  Deed  of  Settlement  as 
altered  in  the  years  1870  and  1873,  being  now  completed,  I  beg  to 
submit  to  you  the  results  and  my  report  thereon. 

Prior  to  the  year  1871  a  statement  of  the  affairs  of  the  Society 
was  required  to  be  made  as  up  to  the  25th  March,  every  year.  The 
business  of  the  Society  was  until  then  confined  to  two  classes,  namely, 
first,  Members'  assurances,  which  were  entitled  to  participate  in  the 
profits ;  and  secondly,  Non-Members'  assurances,  which  were  not 
entitled  so  to  participate.  Hence  one  statement  only,  embracing  the 
whole  of  the  business,  was  sufficient. 

The  profits  were  applied  in  reducing  for  the  then  current  year,  by 
an  equal  percentage,  the  premiums  upon  all  Members'  assurances 
which  had  been  in  force  for  not  less  than  five  years. 

The  effect  of  the  alterations  alluded  to  in  the  Deed  of  Settlement 
was  to  require  a  valuation  to  be  made  only  at  the  end  of  every  fifth 
year,  instead  of  annually  as  hitherto,  and  at  the  same  time  to  constitute 
four  distinct  classes  of  assurances ;  namely  : — 

Class  A,  comprising  all  assurances  entitled  to  participation  in 
profits,  effected  prior  to  1871. 

Class  B,  comprising  all  assurances,  other  than  endowments, 
effected  in  or  after  1871,  and  entitled  to  participation  in  profits. 

Class  D,  comprising  all  endowments,  entitled  to  participation  in 
profits  ;  and 

Class  C,  comprising  all  assurances  not  entitled  to  participation  in 
profits. 

It  was  also  provided  that  the  profits  in  classes  A,  B,  and  D 
respectively  should  belong  exclusively  to  the  members  of  each  of  those 
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classes,  and  that  the  profits  of  Class  C  should  at  each  quinquennial 
period  be  divided  among  the  other  three  classes  in  proportion  to  the 
respective  amounts  of  premiums  received  in  those  classes,  in  such 
period.  [The  return  under  the  Fifth  Schedule  states  that,  should  it 
happen  that  tha  funds  of  any  class  are  insufficient  to  meet  the  claims 
upon  it,  the  funds  of  the  other  classes  are  liable  to  make  good  the 
deficiency]  It  is  therefore  necessary  to  keep  separate  accounts  of  the 
four  classes,  and  to  prepare  distinct  statements  for  each  of  them  at  the 
quinquennial  investigations. 

The  period  embraced  in  the  present  investigation  is  the  five  years 
ending  31st  December  1875. 

The  respective  accounts  of  the  four  classes  are  appended  to  this 
report. 

CLASS  C. 

The  surplus  of  assets  over  liabilities,  in  other  words  the  amount 
of  profit  realized  in  the  quinquennial  period,  is  £9,836.  17s.  2d., 
which,  in  accordance  with  the  provisions  of  the  deed  of  settlement  of 
the  Society,  has  been  apportioned  as  follows  among  classes  A,  B,  and  D, 
namely : — 

To  Class  A  ....  £8,766  4  7 
To  Class  B  ....  1,037  2  5 
To  Class  D         ....  33  10  2 

The  amount  of  profit  here  shown  is  equal  to  nearly  15  per-cent 
upon  the  total  amount  of  premiums  received  during  the  quinquennial 
period. 

CLASS  A. 

It  will  be  seen  from  the  statement,  that  after  reserving  upwards 
of  14  per  cent  of  the  premiums  to  meet  charges  of  management  in 
future  years,  (which  is  considerably  above  the  present  rate  of  expendi- 
ture of  the  Society  for  that  purpose,)  there  is  a  surplus  sufficient  to 
provide  for  a  reduction  of  60  per-cent  upon  the  premiums  in  the  present 
and  future  years;  and  as  all  existing  policies  in  this  class  have  now 
been  in  force  at  least  five  years,  they  are  all  entitled  to  the  benefit  of 
that  reduction  immediately,  or,  in  the  cases  of  assurers  who  have  so 
elected  [at  the  time  of  effecting  the  policy],  to  an  equivalent  rever- 
sionary bonus  generally,  until  the  year  1881,  when  a  fresh  valuation 
will  be  made. 

The  great  increase  in  the  rate  of  reduction  from  45  per-cent  to 
60  per-cent  in  so  short  a  period  as  five  years,  is  attributable  to  three 
main  causes: — (1),  the  most  important  of  them,  is  the  separation 
of  the  business  of  the  Society  into  classes  in  the  year  1871,  the 
effect  of  that  measure  beinc:  that  the  lar^e  accumulation  of  undivided 
profits  which  then  existed  was  reserved  for  the  assurers  in  this 
class,  from  whose  payments  exclusively  they  had  arisen  ;  (2),  the  mor- 
tality in  the  class  during  the  quinquennial  period  has  been  considerably 
under  the  expectation;  and  (3),  the  rate  of  interest  realized  on  the 
investments  has  been  much  in  excess  of  that  upon  which  the  valuation 
is  based. 
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Class  B. 

The  surplus  of  assets  over  liabilities,  tliat  is  to  say,  the  amount  of 
profit  realized  during  the  quinquennial  period  is,  including  the  pro- 
portion of  surplus  transferred  from  Class  C,  £4,742.  10s.  10d.,  which 
is  equal  to  about  18i  per-cent  of  the  total  amount  of  premiums  received 
in  the  class. 

The  share  of  the  surplus  allotted  to  each  policy  will  be  applied  in 
purchasing  a  fixed  reduction  in  the  future  premiums ;  which  reduction 
will  commence  at  once  in  the  cases  of  policies  effected  prior  to  1st 
January  1874,  and  in  the  cases  of  policies  effected  more  recently,  as 
soon  as  three  years'  premiums  shall  have  been  paid  on  them. 

[We  learn  from  the  return  under  the  Fifth  Schedule  that  the  Deed 
of  Settlement  provides  that  the  surplus,  or  such  part  thereof  as  the 
Directors  may  appoint,  shall  be  apportioned  among  the  assurers  in  the 
following  manner,  namely,  There  shall  as  regards  each  policy  issued 
in  the  preceding  quinquennial  period  be  calculated  the  amount  of 
premiums  paid  thereon  accumulated  at  3  per-cent  compound  interest 
up  to  the  date  at  which  the  account  is  made  np,  and  also  the  reserved 
value  of  the  assurance  at  that  date.  The  proportion  of  the  differences 
between  the  accumulated  premiums  and  the  value  of  the  assurance  so 
determined  for  each  policy  respectively,  to  the  total  of  such  differences 
for  all  the  policies  collectively,  shall  denote  the  proportion  of  surplus  to 
be  apportioned  to  each  policy;  and  such  share  of  the  surplus  so  assigned 
shall,  if,  or  as  soon  as,  three  annual  premiums  shall  have  been  paid 
on  the  policy  be  applied  as  the  purchase  money  for  an  annuity  on  the 
life  assured,  according  to  his  age  at  the  date  of  making  up  the  account; 
and  such  annuity  shall  be  the  amount  of  reduction  in  his  annual 
premium  from  that  time  during  the  remainder  of  life.] 

The  percentage  of  the  reduction  of  premium  so  obtained  will  vary 
with  the  age  of  the  life  assured,  and  with  the  term  that  the  policy 
has  been  in  force ;  but  it  may  be  stated  that  for  the  policies  effected 
in  the  year  1871  the  reduction  of  premium  will  average  about  10  per- 
cent. 

It  is  scarcely  necessary  to  remark  that  the  respective  reductions 
in  Classes  A  and  B  are  not  directly  comparable  one  with  the  other, 
inasmuch  as  while  in  the  former  the  reductions  at  successive  quin- 
quennial periods  are  in  lieu  of,  not  in  addition  to,  preceding  ones,  in  the 
latter  they  are  cumulative. 

Apart  from  a  systematic  valuation  there  is  a  simple  though  valuable 
test  of  the  soundness  of  an  Assurance  Office,  which  is  of  general 
application,  and  gives  approximately  correct  indications  in  all  cases 
where  the  business  is  of  the  usual  character.  The  test  alluded  to  is 
the  proportion  that  the  accumulated  funds,  minus  the  present  value  of 
the  reversionary  bonuses  which  have  been  allotted,  if  any,  bear  to  the 
total  amount  of  the  premiums  that  have  been  received  upon  existing 
policies. 

It  was  given  in  evidence  before  a  Committee  of  the  House  of 
Commons,  some  years  ago,  by  the  then  leading  actuaries  of  the  day, 
that  if  such  proportion  amounted  to,  or  exceeded  50  per-cent,  the  office 
might  be  considered  to  be  in  a  safe  position. 
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It  will  be  seen  from  the  subjoined  statement,  that  in  the  case  of 
our  own  Society,  the  proportion  is  nearly  78  per-cent. 


Class. 

Amount  of  the  premiums  (exclusive 
of  temporary  extra  premiums  for 

foreign  risks)  that  have  been 
received  upon  poicies  which  were 

in  force  31st  December  1875,  the 
premiums  paid  upon  i*eassurances 
being  deducted. 

Amount  of  the 
accumulated  fund  upon 
31st  December  1875. 

Proportion  of  the 
accumulated  fund  to  the 
total  amount  of  premiums 
received  upon  existing 
policies. 

£        s.  d. 

£       s.  d. 

A 

715,806  12  0 

563,872    7  6 

78*77  per-cent. 

B 

23,332    4  9 

18,958  17  6 

81-25 

C 

110,469    6  11 

78,649    4  0 

71-20  „ 

D 

719  13  5 

736    9  4 

10236 

Total 

£850,327  17  1 

£662,216  18  4 

77*88  Average. 

In  Class  C,  the  amounts  given  are  exclusive  of  Annuity  receipts 
and  liabilities. 

In  Class  A,  the  value  of  the  reversionary  bonuses,  namely, 
£9,201.  4s.  2d.,  is  deducted  from  the  accumulated  fund;  and  the 
amount  of  premiums  stated  as  received  is  the  amount  that  has 
nominally  become  due,  not  taking  into  account  the  annual  cash  reduc- 
tions of  premiums  that  really  have  been  allowed  to  assurers  in  that 
class;  those  cash  reductions  amount  to  £213,549,  so  that  the  proportion 
of  funds  to  the  amount  of  premiums  actually  received  in  that  class  is 
11227  per-cent,  and  for  the  four  classes  collectively  104  per-cent. 

With  regard  to  Class  A,  which  is  now  closed  to  new  comers,  there 
is  reasonable  ground  for  believing  that  at  the  next  quinquennial 
investigation  a  further  reduction  in  the  premiums,  over  and  above  the 
present  one  of  60  per-cent,  may  be  made. 

With  regard  to  Class  B,  that  in  which  all  new  assurances  partici- 
pating in  prohts  are  now  issued,  it  has  already  been  mentioned  that 
the  rate  of  reduction  on  policies  effected  in  the  year  1871  will  average 
about  10  per-cent ;  but  it  may  be  proper  to  add,  that  if  the  profits  in 
the. next  five  years  should  be  in  the  same  ratio  as  they  were  in  the  five 
years  just  ended,  the  average  further  reduction  in  1881  on  those 
policies,  which  will  then  have  been  between  nine  and  ten  years  in 
force,  will  be  considerably  above  10  per-cent,  so  that  there  is  reason 
to  believe  that  the  total  reduction  may  then  materially  exceed  20 
per-cent,  and  that  it  may  not  improbably  reach  a  much  higher  rate. 

It  may  be  remembered  that  when  the  separation  of  classes  was  made 
five  years  ago,  an  estimate  was  formed  based  upon  the  past  experience 
of  the  Society  in  regard  to  bonus  returns,  that  the  premiums  of  assurers 
of  average  age  in  Class  B,  might  be  expected,  by  the  operation  of 
successive  quinquennial  reductions,  to  be  exempted  from  any  further 
payment  of  premium  in  about  twenty  years  from  the  time  their  policies 
were  effected ;  and  it  may  be  desirable  here  to  state  that  the  experience 
of  that  class  for  the  five  }^ears  that  have  since  elapsed  tends  to  confirm 
the  correctness  of  the  estimate  then  made. 

[After  the  premium  on  any  policy  is  extinguished,  the  profits 
subsequently  assigned  to  it  will  be  employed  in  making  bonus  additions 
to  the  sum  ass u red.  1 
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A  Statement  of  the  Assets  and  Liabilities  on  the  31s£  December  1875, 
of  the  Several  Classes  into  which  the  business  is  divided. 


Dr.                             CLASS  A. 

£ 

s. 

d. 

Present  value  of  £1,236,694  the  net  amount  assured 

after  deducting  reassurances  .... 

672,846 

1 

8 

Present  value  of  £18,415.  18s.  5d.  the  net  amount  of 

reversionary  bonuses  after  deducting  reassurances 

9,201 

4 

2 

Reserve  for  future  bonuses  on  special 

policies  £595  13  9 

Do.        do.        on  reversionary 

bonuses  5,047  5  4 

5,642 

19 

1 

Reserve  for  reduction  of  premiums  in  future  years  at 

the  rate  of  60  per- cent  .  . 

265,639 

15 

7 

Reserve  for  charges  of  management  and  contingencies 

in  future  years  at  the  rate  of  14*112  per-cent 

upon  the  premiums  ...... 

62,476 

10 

6 

£1,015,806 

11 

0 

Ce. 

£ 

s. 

d. 

Amount  of  Assurance  Fund  ..... 

564,307 

7 

1 

Proportion  of  Surplus  in  Class  C  to  be  transferred 

8,766 

4 

7 

Present  value  of  £38,428.  14s.  3d.  per  annum,  the 

amount  of  annual  premiums  after  deducting 

reassurances  ....... 

442,732 

19 

4 

£1,015,806 

11 

0 

Dr.                             CLASS  B. 

£ 

s. 

d. 

Present  value  of  assurances  after  deducting  re-  . 

assurances,  £259,872  ...... 

14,216 

D 

8 

4,742 

10 

10 

£18,958 

17 

6 

Cr. 

£ 

S. 

d. 

Amount  of  Assurance  Fund  ..... 

17,921 

15 

1 

Proportion  of  the  Surplus  in  Class  C  transferred 

1,037 

2 

5 

£18,958 

17 

6 

[In  this  Class  the  sum  of  £476.  13s.  7d.  was  apportioned  among  276  policy- 
holders assured  for  £283,472.] 

CLASS  C. 

Present  value  of  assurances  after  deducting  the  value 

of  reassurances,  £406,811   

Present  value  of  annuities  £850  per  annum 
Surplus,  to  be  transferred  to  Classes  A,  B  and  D  in 
accordance  with  the  provisions  of  the  Deed  of 
Settlement  of  the  Society,  viz.  to : — 

Class  A  ....  £8,766  4  7 
Class  B  1,037    2  5 

Class  D  33  10  2 


Cr. 

Amount  of  Assurance  Fund 


£  s. 

d. 

78,649  3 

10 

4,465  1 

4 

9,836  17 

2 

£92,951  2 

4 

£  s. 

d. 

92,951  2 

4 

£92,951    2  4 


134 


Home  and  Foreign  Intelligence. 


[Jan. 


CLASS  D. 


Dr. 

4? 

Sm 

a. 

Jrresent  value  or  endowments,  &W,vdv 

1  / 

Q 
O 

14 

11 

8 

Q 

Ce. 

£ 

S. 

Amount  of  Endowment  Fund  ..... 

702 

19 

2 

Proportion  of  the  Surplus  in  Class  C  to  be  transferred 

33 

10 

2 

£736 

9 

4 

[In  this  Class  no  profits  were  divided.] 


The  tables  of  mortality  used  in  the  valuation,  are 

As  regards  Class  A,  the  mortality  table  calculated  by  the  late 
Mr.  Griffith  Davies  from  the  experience  of  the  Equitable 
Assurance  Society. 

As  regards  Class  B,  a  mortality  table  corresponding  at  3  per-cent 
interest  with  the  premiums  charged  in  that  Class. 

As  regards  Class  C,  for  assurances  on  single  lives,  a  mortality  table 
corresponding  at  3  per-cent  interest  with  the  premiums  charged 
in  that  Class  ;  and  for  assurances  on  two  or  more  lives,  a 
mortality  table  corresponding  at  2\  per-cent  interest  with  the 
premiums  charged. 

As  regards  Class  D,  the  mortality  table  from  which  the  premiums 
charged  in  that  Class  are  calculated. 

The  rates  of  interest  assumed  in  the  calculations,  are 

As  regards  Class  A  3f  per-cent. 

As  regards  Classes  B  and  D  3  per-cent. 

As  regards  Class  C,  for  assurances  on  single  lives,  3  per-cent;  for 
assurances  on  two  or  more  lives  2 J  per-cent;  and  for  endow- 
ments not  involving  any  contingency  of  life,  rates  varying 
from  3  per-cent  to  3  J  per-cent,  according  as  the  term  of  the 
endowment  is  long  or  short. 

In  Class  A,  comprising  about  two  thirds  of  the  total  business  of 
the  Society,  there  is  reserved  as  a  provision  for  expenses  in  future 
years,  a  sum  equal  to  somewhat  more  than  14  per-cent,  and  for  future 
profits  a  sum  equal  to  somewhat  more  than  61  per-cent  on  the  present 
value  of  all  the  future  premiums.  The  total  proportion  of  the  annual 
premium  income  of  this  Class  thus  reserved  as  a  provision  for  future 
expenses  and  profits  is  about  75f  per-cent. 

In  Classes  B  and  C  the  reserve  made  is  that  arising  from  the 
valuation  being  based  upon  the  assumption  of  rates  of  interest  lower, 
and  of  rates  of  mortality  higher,  than  those  which  will  probably 
prevail,  and  is  consequently  not  any  uniform  percentage  of  the  premium 
income. 

In  Class  D  the  reserve  made  is  partly  that  arising  from  the  valua- 
tion being  based  upon  rates  of  interest  and  mortality  lower  than  those 
which  will  probably  prevail;  but  there  is  also  made  a  special  reserve 
for  expenses  of  6  per-cent  upon  the  annual  premium  income. 
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Average  Hate  of  Interest  yielded  hy  the  Funds  of  the  Society. 


Date. 

Funds  actually  invested. 

Entire  funds,  including  cash 
at  bankers  and  other 
unproductive  amounts. 

On  31st  December  1871 
Do.  1872 
Do.  1873 
Do.  1874 
Do.  1875 

£  s.  d. 

4  13    6  per-cent. 
4  17  0 
4  15  11 
4  14  3 
4  11  4 

£  s.  d. 

4  10  11  per-cent. 

4  14  7 

4  13  7 

4  12  3 

4    9    1  „ 

Comparative  Statement  of  Business. 


Year. 

Amount 
of  the 
Assurance 
Fund  (net) 

on  31st 
December. 

Income 
arising 
from  funds 
as  invested 

on  31st 
December. 

New 
Assurances 
less  reinsur- 
ances and 
substituted 
policies. 

Gross  amount 
of  assurances 
in  force 
on  31st 
December. 

Gross 
annual 
premiums 
thereon. 

Gross 
annual  in- 
come from 
premiums 

and 
interest. 

Cash  bonus 
or 

abatement 
of 

premiums. 

Ratio  of 
management 
expenses  to 
net  income. 

Year. 

£ 

£ 

£ 

£ 



£ 

£ 

£ 

£  s. 

d. 



1866 

533,651 

26,046 

156,303 

2,012,512 

66,290 

92,336 

15,038 

7  17 

6 

1866 

1867 

513.901 

26,585 

110,215 

2,047,797 

67,888 

94,473 

14,533 

7  10 

5 

1867 

1868 

552,177 

25,525 

123,920 

2,071,978 

67,329 

92,854 

15,584 

7  14 

7 

1868 

1869 

574,730 

26,341 

137,380 

2,165,683 

70,283 

96,624 

14,379 

8  5 

3 

1869 

1870 

588,449 

28,364 

99,261 

2,136,723 

66,400 

94,764 

14,628 

7  17 

2 

1870 

1871 

602,098 

28,001 

91.250 

2,112,848 

65,638 

93,639 

14,629 

8  16 

0 

1871 

1872 

625,422 

30,302 

71,332 

2,112,451 

65,539 

95,811 

15,272 

6  18 

3 

1872 

1873 

633,782 

30,254 

90,738 

2,114,986 

65,121 

95,375 

15,770 

7  3 

8 

1873 

1874 

664,591 

31,692 

100,180 

2,100,520 

66,442 

98,134 

16,821 

7  2 

0 

1874 

1875 

675,883 

30,745 

126,486 

2,132,527 

68,583 

99,328 

16,615 

6  16 

11 

1875 

[The  report  states  that  no  commission  has  been  paid  for  the  intro 
duction  of  new  business  since  1870.] 


In  printing  the  following  statement  we  hope  we  may  be  excused 
if  we  depart  for  once  from  our  usual  rule,  of  making  no  comment 
whatever  on  the  accounts  we  reprint,  either  as  to  their  form  or  the 
results  they  exhibit.  It  appears  to  us  that  the  form  of  this 
Statement  of  Property  and  Income  leaves  nothing  to  be  desired, 
and  that  it  might  with  great  advantage,  in  any  future  amendment 
of  the  Life  Assurance  Companies  Act,  be  required  to  be  given  by 
all  the  Life  Offices.— Ed.  J.  J.  A. 
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Statement  of  Property  belonging  to  the  Society  and  of  the  Income  arising  therefrom 

as  on  31st  December  1875. 


Mortgages  on  Property  within  the  United  Kingdom 
Loans  on  the  Society's  Policies  (within  their  value) 
Loans  on  Life  Interests  and  Reversions  . 
Loans  upon  Personal  Security  . 
Loans  upon  County  and  Borough  Rates  . 

British  Government  Securities: — 

£35,000    0    0  New  Three  per  Cents  . 
.  65,000   0    0  Consols  


Indian  and  Colonial  Government  Securities: — 
£11,760  Great  Indian  Peninsula  Railway  Stock  . 

Railway  Debenture  Stocks : — 

£11,000  Great  Eastern  Debenture  Stock,  A. 
9,000  Do.  Do.  B. 

10,000  London,  Chatham  and  Dover  4^  per-cent 

Arbitration  Debenture  Stock 
10,000  Midland  Railway  Debenture  Stock. 


Railway  Guaranteed  and  Preference  Stocks : — 
6,000  North- Western  4  per-cent  Preference  Stock 
10,000  Great  Western  5       Do.  Do. 
5,120  South  Eastern  Preferred  Stock. 
20,000  Brighton  5  per-cent  Preference,  No.  6  . 


Dock  Preference  Stock: — 

£20,000  Southampton  Dock 


Temporary  Loan  on  North  Eastern  Railway  Stock  . 
House  Property — Freehold,  No.  2  King  William -street 
Reversions  ....... 

Rent  Charges,  £996.  17s.  3d.  per  annum 


Invested  Assets  . 

Unproductive  Assets: — 

Agents'  Balances,  Outstanding  Premiums,  In- 
terest due  and  accruing,  and  Cash 


Geoss  Assets 


Value. 


£     s.  d. 


31,850  0  0 
59,800  0  0 


12,980  0  0 
10,440  0  0 

10,600  0  0 
10,100  0  0 


5,760  0  0 
11,500  0  0 

6,730  0  0 
22,200  0  0 


Total  Value. 


£  s.  d. 

119,221  14  2 

35,000  2  3  3 

211,177  17  7 

912  10  0 

5,120  0  0 


91,650  0  0 
13,171    4  0 


44,120    0  0 


46,190    0  0 


20,000    0  0 


40,000    0  0 

25,000    0  0 

10,289  14  9 

11,428    9  7 


£673,282    3  4 


16,697  16  4 


£689,979  19  8 


Income. 


£ 


s.  d. 


6,086    2  6 
1,750    0  8 
11,461  19  10 
45  12  6 
224  19  6 


3,000    0  0 
588   0  0 


1,850   0  0 


2,047    4  0 


1,000    0  0 


1,000  0  0 

552  0  0 

617  7  8 

522  4  5 


£30,745  11 


£30,745  11  1 
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FIRST  YEAR'S  EXAMINATION,  1876. 
Examiners. — Messrs.  C.  D.  Higham,  W.  Sutton,  and  J.  Whitcheb. 

I. 

1.  State  the  rule  for  contracted  multiplication ;  and  give  an 
algebraical  explanation  of  the  same.  Find  to  six  places  of  decimals 
the  value  of 

272947  x  0032999. 

2.  Find  under  what  conditions  a  vulgar  fraction  can  be  expressed 
by  a  finite  decimal. 

Given  that  it  is  found  by  long  division  that 

~r  ='03448  with  a  remainder  8, 
so  that  ^=-03448^, 

show  without  long  division  that  a  further  approximation  to 
the  value  of  —  is 

7 

•03448275862068965517  — . 

3.  Reduce  3  wks.  4  days  5  hrs.  6  min.  7  sec.  to  the  decimal  of  a 
calendar  month  of  31  days. 

4.  Write  down  the  square  root  of 


5.  If  x  is  small  compared  with  a,  show  that 

approximately. 


a 


Hence  deduce  the  following  rule  for  approximating  to  the  cube 
root,  viz.: — If  N3  be  the  number  whose  root  is  required,  and 
az  the  nearest  rational  cube  to  N3,  then 

XT      «3  +  2N3 
N3+2a3 

6.  A  certain  sum  is  'ab  of  £1.  If  to  this  be  added  two  guineas, 
three  half-crowns,  and  twice  'Oab  of  £1,  the  sum  is  5*35  of  ten 
shillings.    Find  a  and  b. 

7.  Explain  the  difference  between  an  equation  and  an  identity. 
Show  that  a  quadratic  equation  can  have  only  two  roots. 
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8.  Transform  the  equation  ax2  +  ~bx  +  c=0  into  an  equation  not 
involving  the  first  power  of  x.    As  an  example  take  the  equation 

3x2  +  12a?-5=0. 

9.  Solve  the  equations 

4<a 


(i.)      *Jx-\-  x/2a-\-x= 

\/2a-\-x 
(ii.)  al-l—te*c3P-x=0; 

X  5  13 

^     5+y  +  ~3' 

y  5  13 
5     #  4 

10.  A  merchant  sold  goods  for  £39,  gaining  as  much  per-cent  as 
the  goods  cost  him ;  what  was  the  price  of  the  goods,  and  what  is  the 
meaning  of  the  negative  root  in  this  case  ? 

.11.  Define  series  in  arithmetical  and  geometrical  progression,  and 
show  how  to  sum  them. 

A  number  of  persons  bought  a  field  for  £345,  the  youngest 
paying  a  certain  sum,  the  next  £5  more,  and  so  on  in 
arithmetical  progression.  The  younger  half  took  a  part  of 
the  field  proportional  to  the  sum  they  had  subscribed,  and 
this  they  agreed  to  divide  equally,  by  making  their  contribu- 
tions £22  each.    How  many  persons  were  there  in  all  ? 

12.  The  sum  of  n  terms  of  any  arithmetical  progression  whose 
common  difference  is  equal  to  the  least  term,  will  be  equal  to  the 
sum  of  n  + 1  magnitudes,  each  of  which  is  half  the  greatest  term  of 
the  progression.    Prove  this. 

13.  If  S,  a,  r,  n,  be  respectively  the  sum,  first  term,  common 
ratio,  and  number  of  terms  of  a  geometrical  progression :  find  the  sum 
of  the  series 

(S  +  a)  +  (S  +  a  +  ar)  +  (S  +  a  +  ar  +  ar2)  +  &c . 


II. 


14.  One  root  of  the  equation  a?3- 11#2  +  37^—35  =  0  is  3+  y/2. 
Find  the  remaining  roots. 

15.  Sum  the  series 


-  H  -,-  j=r-  H  -=.  —  h  &c,  a  din  fin. 


\/2(l  +  \/2)      (1  +  ^2)  (2  +  </2)      (2  +  x/2)  (2  y/2  +  3) 


16.  What  does  n.n  —  1  .  .  .  .  n—r  +  1  express?  Give  your  demon- 
stration in  full. 

How  many  different  permutations  can  be  made  of  the  letters 
in  the  words  INSTITUTE  OF  ACTUARIES  taken  all  at 
a  time  P 

17.  Show  that  the  total  number  of  combinations  of  n  things  taken 
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1,  2,  3  ....  n  together,  of  which  p  are  of  one  sort,  q  of  another,  r  of 

another,  &c.,  is^  +  l.^  +  l.r  +  l  ....  —1. 

What  proportion  will  the  number  of  combinations  of  the 
letters  in  the  words  INSTITUTE  OF  ACTUARIES  taken 
five  at  a  time  hear  to  the  number  taken  six  at  a  time  ? 
18.  State  the  Binomial  Theorem,  and  give  Euler's  demonstration 

of  it. 

^  ^2  fi  -4- 1  b2 

Show  that  (a  +  b)n=an  +  nan 


a  +  b        1.2         (a  +  b) 


n.n  +  l.n  +  2  b3 
+      1.2.3  + 
Hence  sum  the  series 

13  1     3.4  1  ,  34.5  1  j  "j?  'j 

3  +  2  '  3*  +  2^  •  IP  +  2lA '  3*  +  &C"  ^ 

19.  Define  a  logarithm,  and /row  the  definition  show  that 

(1.)  log  ab  =  b.\og  a. 
(2.)  log  «5=logtf +k>g 

(3.)  —  log  «— log  5. 

(4.)  loga6xlog6«=l. 

Given  the  mantissa  of  log  98714  =  -9943788, 
of  log  245932  ='3908150, 
of  log  1224903  =  -0881018, 

find  the  value  of  (987'14)n  X  (-245932)49. 

20.  Expand  log(l+#)  in  a  series  of  powers  of  #,  and  state 
whether  the  series  is  convergent.  State  and  prove  the  rule  for  pro- 
portional parts. 

21.  A  and  B  are  playing  with  two  dice,  each  having  staked  £1, 
the  highest  throw  to  win.    A  has  thrown  6.    What  is  B's  expectation? 

22.  The  prize  at  a  raffle  is  to  be  given  to  the  drawer  of  the  only 
marked  ball  in  a  bag  containing  as  many  balls  as  there  are  drawers. 
Which  of  the  drawers  has  the  best  chance  ?    Prove  your  answer. 

23.  If  Ax=a  and  Aux=ux+a  —  Ux,  prove  that 


nK         n.n  —  aAn  n.n—a.n—2aAo 

ux+n=ux  +  -Aux+   — — —  b?ux  +  &c. 

a  2a2  2.3.a3 

Find  log  512,  given  that 

log  510=2-70757018, 
log  511  =  2-70842090, 
log  513  =  271011737, 
log  514=271096312, 


24.  Given  every  nth  term  of  a  series  of  values,  i.e.,  ux,  ux+n 
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Vx+zn,  &c.,  show  at  length  how  the  intermediate  terms  ux+i9  ux+2, 
may  be  obtained  by  interpolation. 

Given  that  in  the  series  ux,  ux+i,  ux+29  .... 

^=99366754, 
&i  =  +1276762, 
S2  =  -3013-725, 
83  =  +422-8247, 
g4  =  -34-72847, 
S5=  +T254221, 

you  are  required  to  construct  the  series  as  far  as  the  term 

ux+10.    What  assumption  is  necessary  ? 
25.  Describe  the  various  books  of  account  generally  in  use,  stating 
definitely  what  purposes  each  is  intended  to  serve.    What  is  meant 
by  a  trial  balance  ? 

SECOND  YEAE'S  EXAMINATION,  1876. 

Examiners. — Messrs.  G.  W.  Berridge,  T.  G.  C.  Browne,  D.  A.  Bumsted, 

and  G.  King. 

I. 

1.  If  px  be  the  probability  that  a  person  aged  x  will  live  one  year, 
find  expressions  for  the  following  probabilities : — 

That  out  of  1000  persons  aged  x 

a,  Exactly  20  will  die  in  a  year. 

b,  Not  more  than  20  will  die  in  a  year. 

c,  20  designated  individuals,  and  no  more,  will  die  in  a  year. 

d,  20  designated  individuals,  at  least,  will  die  in  a  year. 

2.  Determine  the  present  value  of  an  annuity  certain  of  £1  per 
annum  for  n  years,  which  is  to  pay  during  its  continuance  a  given 
rate  of  interest  on  the  purchase  money,  and  to  replace  the  purchase 
money  at  the  expiration  of  the  term  at  a  different  rate  of  interest. 

3.  When  interest  is  convertible  momently,  investigate  the  relation 
which  exists  between  the  nominal  rate  and  the  effective  rate.  Write 
down,  in  terms  of  the  "  force  of  discount"  and  the  continuous  annuity, 
the  value  of  an  assurance  of  1  on  x,  payable  at  the  instant  of  death. 

4.  The  following  is  taken  from  a  diary  for  1877 : 

How  to  value  leaseholds.  —  Divide  the  proposed  purchase 
money  by  the  number  of  years  to  run  before  the  lease  expires ; 
the  quotient,  deducted  from  the  net  rental,  gives  the  interest 
on  the  purchase  money. 

Is  this  correct  ?  If  not,  show  how  the  true  rate  of  interest 
is  to  be  found. 

5.  Having  given  a  complete  table  of  px,  accurately  representing 
the  probabilities  of  life  at  all  ages,  show  how,  from  the  deaths  taking 
place  in  one  year,  to  calculate  approximately  the  total  numbers  living 
in  a  stationary  population  where  there  is  no  disturbance  from  immi- 
gration or  emigration. 

6.  Explain  under  what  conditions  nV.r  <w-iVa?+i,  and  give  an 
example  from  some  known  table  of  mortality  where  the  anomaly 
occurs. 
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7.  Investigate  the  relation  which  subsists  between  A^  and  ax, 
finding  equations  in  terms  of  »,  d,  and  respectively. 

8.  Give  a  general  formula  for  the  class  of  be  efits,  the  single 
premiums  for  which  can  be  derived  from  Orchard's  Tables,  and  explain 
it  verbally. 

9.  Find  the  present  value  of  an  annuity  on  x  (payable  half-yearly), 
commencing  at  £L,  the  payments  to  be  doubled  every  ten  years. 

10.  Find  a  formula  for  the  annual  premium  for  an  assurance 
payable  in  the  event  of  A  dying  before  B  or  within  t  years  after. 

11.  An  annuity  of  £m  is  to  be  paid  half-yearly  to  x's  wife  after 
his  death  ;  but  should  x  survive  his  wife,  a  sum  of  £n  is  to  he  paid 
at  his  death.  Required  the  annual  premium  (payable  during  the  joint 
lives)  to  secure  these  benefits. 

12.  Prove  the  following  expression, — 

| „A*=1  -  d(l  +  Ox)  -  ~  {nVcc  +  P*(l  +  «*+»)  } • 

13.  Explain  the  construction  of  the  ordinary  commutation  columns, 
and  very  briefly  illustrate  their  use. 


II. 

14.  Mention  the  two  methods  as  regards  interest  upon  which  the 
D  and  N  columns  for  joint  lives  have  been  constructed.  Under  what 
circumstances  is  the  one  preferable  to  the  other  ? 

15.  Show  how  to  construct  a  table,  from  which  may  be  found  the 
annual  premium  corresponding  to  any  given  single  premium  on  a 
whole-life  insurance. 

16.  Deduce  a  formula  for  finding  the  value  of  the  next  n  presenta- 
tions to  a  living. 

17.  Required  the  net  single  premium  for  an  insurance  upon  the 
life  of  x,  of  £1000  increasing  at  compound  interest  during  the  first 
five  years  at  the  rate  of  4  per-cent  per  annum. 

18.  Find  the  value  of  a  temporary  life  annuity  which  will  yield  a 
certain  rate  of  interest  on  the  capital  employed,  and  provide  for  a 
premium  for  an  assurance  to  replace  the  capital. 

*•  19.  Give  a  verbal  explanation  of  the  formulas 

Ax=v  —  dax, 
Ax=v(l  +  ax)—ax. 

20.  Express  the  value  of  a  policy 

(a)  in  terms  of  the  premiums  and  the  rate  of  interest, 

(b)  in  terms  of  the  assurance  at  entry  and  at  valuation. 

21.  Demonstrate  a  general  formula  for  deriving  the  value  of  a 
benefit  at  age  x  from  the  value  at  age  x+l.  Given  a  table  of  the 
values  of  Px  (the  premium),  show  how  to  derive/^  (the  pr  babi.ity). 

22.  To  obtain  the  office  premium,  the  net  pr  emium  is  oaded  k  per 
unit.  Find  the  annual  premium  for  an  assurance  of  1  on  x,  where  all 
the  premiums  paid,  with  simple  interest  at  the  rate  i9  are  to  be 
returned  along  with  the  sum  assured. 

23.  Having  given  the  usual  commutation  tables  at  the  rate  of 
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interest  i,  investigate  a  formula  for  the  value  of  an  annuity  at  a  lower 
rate  of  interest  i1. 

24.  The  actual  claims  for  the  year  in  an  office  exceed  the  expected 
amount, — Does  the  difference  represent  the  loss  from  mortality  during 
the  year  ?    Give  the  reasons  for  your  answer. 

25.  Give  a  form  for  a  hook  in  which  to  record  the  mortality 
experience  of  a  company  from  year  to  year. 


THIED  YEAE'S  EXAMINATION,  1876. 

Examiners. — Messrs.  C.  J.  Btjnyon,  A.  J.  Finlaison,  R.  P.  Hardy, 

and  G-.  Humphreys. 

I. 

1.  Describe  briefly  the  practical  process  of  investigating  the  mor- 
tality experience  of  a  life  assurance  company.  What  additional  facts 
would  you  think  it  necessary  to  bring  out,  in  order  to  show  the  true 
bearing  of  the  results  arrived  at  ? 

2.  Show  how  you  would  exhibit  the  measure  of  the  effect  of 
medical  selection  amongst  the  lives  assured. 

3.  (1.)  Give  the  rationale  of  Mr.  Woolhouse's  method  of  gradua- 
tion, and  state  whether  it  involves  any  assumption  of  an  inherent  law 
of  mortality. 

(2.)  Explain  the  modification  of  Mr.  Woolhouse's  method, 
proposed  by  Mr.  Charles  Ansell,  Jun. 

4.  What  is  your  opinion  of  the  merits  and  applicability  of  the 
English  Life  Table  (No.  3)  for  the  purposes  of  a  life  assurance 
company  ? 

5.  Describe  the  statistical  records  that  should  be  kept,  in  order 
that  the  financial  position  of  a  life  assurance  company  can  be  ascer- 
tained with  as  little  delay  as  possible. 

6.  Sketch  a  form  of  "  Valuation-Sheet "  which  will  combine  the 
materials  for — (1)  The  valuation  of  ordinary  whole-term  policies  ; 
(2)  Ascertaining  the  ratio  for  bonus  distribution  ;  (3)  Apportioning 
the  surplus  and  converting  it  into  its  several  equivalents. 

7.  If  the  premiums  of  an  assurance  office  have  been  formed  by  the 
addition  of  a  constant  percentage  to  the  Carlisle  rates,  and  if  it  was 
desired  to  make  a  valuation  according  to  the  "Institute  of  Actuaries" 
(HM)  3  per  cent,  show : 

(1)  How  you  would  proceed  to  arrive  approximately  at  the 

amount  of  loading  to  be  taken  off  the  office  premiums, 
in  order  to  make  what  is  called  a  "  net-premium 
valuation  ". 

(2)  What  would  be  the  financial  effect  of  valuing  the  Carlisle 

premiums  and  liabilities  by  the  "Institute  of  Actuaries  " 
(HM)  3  per  cent  Table,  and  what  assumptions  are  made 
thereby  ? 

8.  The  premium  rates  of  a  mutual  life  assurance  society  were 
founded  upon  a  special  table,  supposed  to  represent  the  exceptionally 
heavy  rate  of  mortality  of  the  district  from  which  the  business  was  to 
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be  drawn,  and  some  addition  was  made  thereto  by  way  of  margin. 
The  mortality  experienced  has  been  greatly  below  the  rates  shown  in 
the  table  on  which  the  premiums  were  based.  The  periodical  valua- 
tions have  been  made,  by  the  net  method,  upon  the  original  mortality 
table,  but  with  interest  closely  approximating  to  that  obtained  upon 
the  society's  investments,  and  the  whole  of  the  surplus  has  been  allotted 
by  way  of  reversionary  additions. 

What  will  be  the  probable  effect  of  the  above-mentioned 
course  upon  the  future  prosperity  of  the  society  ? 

9.  Discuss  briefly  the  effect  inter  partes  of  apportioning  the 
divisible  surplus  of  an  assurance  office 

1.  In  proportion  to  the  premiums  paid  in  the  period. 

2.  „  value  of  each  policy. 

3.  „  difference  between  the  premiums  paid 

from  the  commencement  of  the 
assurance  (with  compound  interest) 
and  the  values  of  the  policies. 

4.  „  "loading",  assuming  the  latter  to  be 

constant  at  all  ages. 

10.  Can  a  life  assurance  company  be  now  established  in  any  other 
way  than  under  the  Companies  Act,  1862  (25  Yict.  c.  89)  ?  State 
the  provisions  in  this  respect  in  the  4th  section  of  that  Act. 

11.  Explain  the  terms  "  Covenant",  "  Freehold",  "  Tenant  in  tail 
with  possibility  of  issue  extinct".  What  is  the  distinction  in  effect 
between  a  Warranty  and  a  Representation  ?  What  is  the  rationale 
of  the  distinction  ? 

12.  The  Supreme  Court  of  Judicature  Act,  1873,  provides, 
section  5,  that  "  any  absolute  assignment  by  writing  (not  purporting 
to  be  by  way  of  charge  only)  of  any  debt  or  other  legal  chose  in 
action,  of  which  express  notice  in  writing  shall  have  been  given  &c, 
shall  be  effectual  at  law  (subject  to  equities  entitled  to  priority  &c.) 
to  pass  and  transfer  the  legal  right  to  such  debt  or  chose  in  action, 
and  all  legal  and  other  remedies."  What  effect  will  this  provision 
have  upon  voluntary  assignments  of  policies  of  life  assurance,  or  what 
questions  in  equity  arising  upon  them  appears,  for  the  future,  to  be 
set  at  rest  by  this  enactment  ? 

13.  What  are  the  main  points  you  would  bring  out  in  a  confidential 
report  to  a  Board  of  Directors,  showing  the  extension  of  a  life 
assurance  company's  business  during  the  past  year,  and  the  most 
important  financial  results  of  the  year  bearing  upon  the  accruing 
surplus. 

II. 

14.  Amalgamate  the  two  accounts  in  the  published  weekly  state- 
ment of  the  Bank  of  England,  so  as  to  show  the  assets  and  liabilities 
of  the  Corporation  in  one  classified  enumeration.  Do  the  accounts 
afford  any  indication  of  the  amount  of  the  obligations  of  the  Govern- 
ment which  would  be  available  for  an  emergency  ? 

15.  In  what  way  does  the  price  at  which  the  Government  of 
India  is  enabled  to  sell  its  bills,  indicate  the  course  of  the  transactions 
between  this  country  and  the  East  Indies  ? 

16.  State  what  you  consider  would  be  the  effect  of  a  currency  of 
£1  notes.    What  is  your  opinion  of  having  such  a  currency  ? 
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17.  Explain  how  you  would  treat  the  investments  of  a  life 
assurance  company  in  reversionary  securities,  both  in  the  annual 
accounts  and  in  the  valuations. 

18.  How  would  you  deal  with  a  large  investment  in  Foreign 
Government  securities,  both  in  the  annual  accounts  and  in  the 
valuation  ? 

(1.)  When  the  market  had  risen  just  before  the  period  of 
account. 

(2.)  When  the  market  had  fallen  just  before  the  period  of 
account. 

.  19.  Draft  the  following  minutes : 

(1.)  Authorizing  three  of  the  existing  Directors  of  an  assur- 
ance company  to  give  a  discharge  for  a  reassurance 
policy  effected  in  the  names  of  three  Directors  since 
deceased,  and  indemnifying  the  paying  company. 

(2.)  Appointing  an  Inspector  of  Agents,  and  setting  forth 
the  terms  of  his  engagement. 

(3.)  Keceiving  and  adopting  the  Actuary's  report  upon  the 
valuation,  and  appropriating  the  surplus  in  terms  of 
the  Deed  of  Settlement. 

(4.)  Authorizing  and  directing  the  resistance  of  a  claim. 

20.  State  in  what  respects  you  think  the  extra  premiums  and 
conditions  of  foreign  residence  could  be  lessened  without  impairing 
the  general  security  of  a  life  assurance  company. 

21.  How  would  you  value  an  absolute  reversion  ? 

(1)  For  legacy  duty. 

(2)  For  sale  in  the  market;  and  state  how  you  would  value 

the  invested  fund,  and  what  circumstances  sometimes 
affect  market  values. 

(3)  As  a  security  for  a  loan;  and  state  what  margin  should 

be  reserved,  and  why. 

22.  Keal  estates  are  settled  to  the  use  of  A  for  life  (in  precarious 
health),  remainder  to  H  (his  sister's  son)  for  life,  with  remainder  to 
B's  male  issue  in  tail,  with  remainders  over,  but  with  a  power  of 
appointment  over  the  fee  exercisable  by  A  and  B  jointly.  The 
settlement  also  contains  a  "name  and  arms"  clause.  B  has  heavily 
charred  his  reversionary  life  interest  by  way  of  annuity  and  his 
creditors  threaten  to  sell  his  entire  remaining  interest ;  he  has  male 
issue,  and  his  life  is  now  insurable  only  at  an  advanced  premium. 
What  arrangements  could  be  suggested  to  extricate  B  from  his 
difficulties,  without  diminishing  A's  income — 

(1)  Supposing  the  charge  on  the  reversionary  life  estate  could 

be  redeemed  on  fair  terms. 

(2)  Supposing  the  charge  cannot  be  redeemed,  except  on  very 

onerous  terms. 

23.  A  (GO)  and  B  (60)  are  in  partnership  in  an  old-established 
business,  yielding  £5,000  a-year,  taking  the  income  in  equal  shares 
during  their  joint  lives,  and  the  survivor  becoming  entitled  to  the 
who'e  business  and  its  profits.  A  is  childless,  but  B  has  a  son, 
C  (30).  It  is  proposed  to  introduce  C  as  a  partner,  with  the  special 
provision  that  the  whole  income  is  still  to  be  divided,  as  heretofore, 
between  A  and  B  during  their  joint  lives ;  but,  that  on  the  death  of 
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either  (but  not  otherwise),  C  is  to  succeed  to  the  share  and  interest 
of  the  deceased  partner.  What  sum  should  be  paid  to  A,  in  order 
that  he  may  consent  to  the  proposed  arrangement  ? 

24.  Real  property,  yielding  £1000  a-year  net,  has  been  taken  by 
a  Railway  Company,  under  compulsory  powers,  at  the  price  of 
£40,000.  The  property,  subject  to  a  charge  of  £5,000  on  the  fee  at 
4  per  cent  interest,  and  to  a  life  annuity  of  £100  a-year  to  C,  a 
female  (70),  is  settled  to  the  nse  of  A,  a  male  (65),  for  life,  with 
remainder  absolutely  to  B,  a  male  (35).  Apportion  the  proceeds  of 
the  purchase  money  between  the  several  parties  interested  therein. 

25.  A  fund  of  £100,000  Consols  is  settled  to  the  use  of  a  married 
woman,  A  (30),  for  life,  with  remainder  to  her  husband,  B  (40),  for 
life,  with  remainder  to  the  issue  of  the  marriage  (of  which  there  are 
four  children)  in  equal  shares ;  with  remainder  absolutely  to  B.  B 
is  bankrupt;  and  the  liquidators  desire  to  know  (1)  What  B's  rever- 
sionary interest  is  worth ;  and  the  family  desire  to  know  (2)  At 
what  sum  they  may  be  advised  to  buy  back  B's  interest. 

Estimate  the  required  values,  and  state  the  grounds  of  your 
opinion  in  each  case. 


CORRESPONDENCE. 


ON  THE  LOADING  OF  ASSUKANCE  PEEMIUMS. 

To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sir, — Considering  that  every  actuary  has  occasion  to  deal  fre- 
quently with  this  question,  and  looking  to  its  important  bearing  on 
the  interests  of  his  company,  I  am  rather  surprised  that  it  has  not 
obtained  a  more  prominent  place  in  our  discussions. 

In  the  great  majority  of  published  tables,  the  computer  seems  to 
have  been  content  to  increase  the  net  or  pure  premiums  by  an  arbi- 
trarily fixed  ratio,  while,  supported  by  the  high  authority  of  Mr. 
Jellicoe  (see  Assurance  Magazine,  volume  x,  page  336),  a  modified 
method  appears  to  be  now  frequently  acted  on,  which  consists  in  making 
two  additions,  one  of  them  a  percentage  of  the  net  premium  in  respect 
of  the  outlay  for  agents'  commission  and  of  profit  to  be  made  by  the 
transaction,  and  the  other  a  percentage  on  the  sum  assured,  which  is 
the  same  at  all  ages,  to  cover  the  "  going' '  office  expenses  incurred 
in  the  collection  and  investment  of  the  premiums,  and  in  its  continued 
general  management.  This  is  obviously  but  an  imperfect  substitute 
for  the  older  method,  seeing  it  but  changes  the  measure  of  the  charge, 
from  the  premium  to  the  sum  assured;  and  (assuming  that  the  fixed 
charge  should  be  the  same  on  each  policy)  it  could  only  be  corrected 
by  tabulating  a  graduated  scale  of  premiums  for  the  assurance  for 
£100,  £200,  £300,  &c,  at  each  age.  Apart  from  the  last  objection, 
however,  I  have  been  led  on  examination  to  doubt  whether,  on  any 
reasonable  hypothesis  of  the  ratio  of  expense  usually  incurred,  the 
theory  of  a  fixed  addition  is  tenable. 

In  late  discussions  on  the  rate  of  expenditure  of  well-conducted 
offices,  it  has  been  found  that  an  outlay  of  50  per-cent  of  the  first  year's 


146 


Correspondence. 


[Jan. 


premium  revenue,  and  7  per-cent  of  the  renewals,  is  a  fair  indication 
of  the  disbursement  for  management.  To  find  therefore  a  premium 
which,  when  lessened  by  this  charge,  and  computed  to  meet  a  benefit 
increased  by  a  proportion  for  office  profit,  let  P  be  such  a  premium. 
Its  value,  when  the  foregoing  deductions  are  made,  will  be 

P(l +a)  -P(-5  +  07a)  =  P(-98a  +  S)  ; 

and  if  q  per  unit  be  the  loading  for  profit,  we  shall  have 

P(-93a  +  -5)=A  (i  +  2), 

Taking  q='l,  by  the  four  per-cent  HM  table  we  obtain  the  following 
results : — the  premiums  being  those  chargeable  at  the  ages  indicated, 
and  the  third  column  showing  the  proportion  of  "loading"  requisite 
to  be  added  to  the  net  premium  to  produce  the  same  result : — 


Age. 

Premium  per-cent. 

Loading. 

20 

1-5075 

21*1  per-cent. 

30 

2-0261 

21-4  „ 

40 

2*8636 

21-8  „ 

50 

4-3371 

22-5  „ 

60 

7-0723 

23-8  „ 

It  will  be  seen  that  the  ratio  of  loading  increases  with  the  age, 
while  a  premium  computed  on  the  method  of  making  a  fixed  extra  at 
all  ages  would  exhibit  from  its  nature  a  diminishing  ratio. 

The  latter  method  may  be  expressed  by  the  equation 

cra?+y=P, 

where,  P  being  ascertained,  it  is  required  to  determine  the  numbers 
a  and  y  which  would  (founded  on  the  net  premium)  produce  it.  This 
is  amenable  to  the  treatment  so  ingeniously  made  available  by 
Mr.  Sprague  in  his  late  paper #  on  office  expenses;  and,  following  his 
application  of  the  doctrine  of  least  squares  for  arriving  at  a  correct 
average  of  the  five  rates  above  quoted,  we  find 

#=1-306  and  y=—  -2318, 

leaving  the  fixed  amount  to  be  subtracted  from  the  product  of  cc  and 
the  net  premium.  The  application  of  these  numbers  to  the  net 
premium  gives  the  following  results : — 


Age. 

Premium  per-cent. 

Loading  per-cent. 

20 

1-3935 

120 

30 

1-9483 

167 

40 

2-8395 

20-7 

50 

4-3934 

24-1 

60 

7*2322 

266 

The  weight  of  evidence  consequently  goes  to  prove  that  this 
method  of  loading  can  hardly  be  an  improvement  on  the  older  one, 

#  The  reference  here  is  to  a  letter  in  the  Insurance  Record  for  10  March  1876, 
the  substance  of  which  we  hope  to  place  before  our  readers  at  some  future  date. 
—Ed.  J.  I.  A. 
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and  I  hope  the  present  contribution  to  the  general  question  will  elicit 
something  that  may  be  found  more  useful. 

An  opinion,  for  which  I  think  we  were  first  indebted  to  a  German 
writer #,  was  ventilated  lately  at  a  discussion  in  the  Institute,  to  the 
effect  that  at  any  valuation  of  a  current  policy  made  professedly  on 
a  "net  premium"  system,  it  would  be  right  to  deal  with  the  value 
of  the  premium  as  an  increasing  one,  although  the  actual  rate  paid  by 
the  assured  does  not  alter.  Thus  in  the  case  herein  explained,  it  may 
be  assumed  that  the  net  premium  paid  for  the  first  year's  assurance 
should  do  no  more  than  cover  the  risk  for  the  term,  the  excess  of 
the  actual  payment  ranking  as  "loading."  To  compensate  for 
this,  the  after  premiums  should  be  estimated  as  greater  than  the 
ordinary  net  premiums  for  the  whole  of  life,  such  increased  premiums 
being  taken  credit  for  at  a  valuation. 

The  argument  is  not  without  interest,  and  it  may  be  well  to 
exhibit  the  following  figures  in  illustration  of  it. 

The  total  premiums  assumed  are  those  resulting  from  the  formula 

_  100A* 
x    -93^ +  -5 

by  the  HM  table  at  three  per- cent  without  farther  addition. 


Age. 
(1) 

First  Year's 
Net  Premium. 

(2) 

Future  Annual 
Net  Premium. 

(3) 

Whole  of  Life 
Net  Premium. 

(4) 

Percentage  of 
Increase  credited. 

(5) 

20 

•7835 

1-4572 

1-4272 

2-10 

30 

1-0334 

1-9221 

1-8795 

2-27 

40 

1*4283 

2-6567 

2-5891 

261 

50 

2-1087 

3-9222 

3-8005 

3-20 

60 

3-3572 

6-2444 

5-9874 

4-29 

Opposite  the  age  at  entry  are  given — 

In  Column  (2) .  The  net  premium  received  for  the  first  year's 
assurance  (by  hypothesis  one  half  of  the 
entire  payment  made  by  the  assured). 
„  „  (3).  The  net  premium  paid  thereafter,  being  the 
whole  payment  less  7  per-cent  spent  in 
management. 

,,  „  (4).  The  ordinary  or  net  tabulated  premium  for 
the  whole  of  life  assurance. 

Column  (3)  exhibits  the  net  premium  for  which  credit  would  be 
taken  under  such  a  system  of  valuation,  in  contradistinction  to  the 
amount  in  Column  (4) .  The  last  column  exhibits  the  ratio  of  increase 
thus  valued,  which  it  will  be  seen  is  considerable. 

Had  the  premium  payable  by  the  assured  been  of  the  usual  form 
of  an  ordinary  net  premium  for  the  whole  of  life,  its  alteration  by 
the  above  system  would  have  exhibited  a  greater  discrepancy  when 
the  equivalent  for  the  half  of  the  first  year's  payment  was  added  to  it. 

Something  may  be  said  for  the  adoption  of  the  practice  so  long 


*  See  Journal  xv,  420. 
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as  the  smaller  premium  reserved  for  the  first  year's  assurance  is  in 
any  measure  in  excess  of  the  value  of  the  risk  run  by  the  company 
daring  tha,t  year,  but  it  is,  to  say  the  least,  disingenuous  to  adopt  the 
popular  definition  and  to  describe  such  a  valuation  as  a  "net  premium" 
one. 

I  am,  Sir, 

Your  most  obedient  servant, 
London.  H.  AMBROSE  SMITH. 


As  the  latter  part  of  the  above  letter  deals  to  some  extent 
with  the  same  subject  as  Mr.  McCandlish's  paper,  published  in  the  last 
number  of  the  Journal,  Mr.  Smith  wishes  us  to  mention  that  it  was 
in  type  before  he  had  heard  of  Mr.  McCandlish's  essay. — Ed.  J.  I.  A. 


Me.  DEUCHAR'S  PAPER  ON  NEGATIVE  POLICY- VALUES. 

To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sir, — The  question  discussed  by  Mr.  W.  T.  Gray,  in  his  interesting 
letter  in  the  Oct.  Number  of  the  Journal  (p.  73),  is  one  of  importance. 
He  has  shown  by  figures  that,  at  any  rate  in  one  particular  case,  it  is 
a  matter  of  indifference  to  a  company  which  so  treats  its  policies  as 
to  convert  many  of  them  into  assets  instead  of  liabilities,  whether  it 
value  at  long  or  short  intervals  of  time.  But  an  arithmetical  demon- 
stration, however  useful  in  illustration  of  one  more  general,  is  not 
altogether  satisfactory  by  itself;  and  on  this  account,  as  well  as  because 
Mr.  Gray  appears  to  have  fallen  in  one  respect  into  a  little  confusion, 
I  venture  to  trouble  you  with  a  brief  mathematical  proof. 

Let  us  suppose  two  companies,  A  and  B,  identical,  to  start  with,  in 
every  respect,  doing  an  identical  amount  and  description  of  business, 
and  making  the  same  rate  of  interest,  say  i,  on  their  funds;  and  let 
them  value  on  the  same  basis,  and  so  that  all  policies  have  negative 
values  for  t  years.  Let,  however,  A  divide  its  profits  annually,  and  B 
septennial ly.  At  the  beginning  of  any  given  septennium,  the  two 
companies  will  be  identical  in  position.  At  the  end  of  the  first  year 
of  that  septennium  A  will  distribute  a  certain  surplus,  say  rrt\\  at  the 
end  of  the  second  year  another,  m2;  and  so  on;  and  at  the  end  of  the 
seventh  year,  m7.  At  the  end  of  the  first  year  let  B  also  make  a 
valuation  for  the  private  information  of  its  manager,  but  let  it  retain 
in  hand  the  discovered  surplus,  which  will  also  be  mb  and  carry  it  to 
a  separate  account  in  its  ledger.  Except  for  a  book  entry,  it  is  pre- 
cisely as  it  would  have  been  had  it  not  made  an  investigation,  and  its 
life  funds  proper  are  of  the  same  amount  as  those  of  A  at  the  same 
instant  of  time,  only  they  are  supplemented  by  the  sum  ni\  in  the 
suspense  account.  At  the  end  of  the  second  year  let  the  same  process 
be  repeated.  In  addition  to  the  first  surplus,  now  grown  to 
it  brings  out  another,  which  must  be  m2,  and  treats  it  in  a  similar 
manner,  and  so  on  to  the  end  of  the  septennium,  when  the  total 
surplus — now  to  be  distributed — in  its  funds  will  be — 

«ti(l  +  i)9  +  m2(l  +  i)6  +  +W6(i  +  /)+W7, 

or  exactly  equal  to  the  profits  declared  by  A,  accumulated  at  interest. 
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All  through  the  septennium,  B,  so  far  as  the  outside  world  is 
concerned,  has  been  an  office  valuing-  every  seven  years,  although  it 
has  made  an  annual  calculation  of  which  none  but  its  own  staff  were 
cognisant,  and  opened  a  suspense  account  in  its  ledger.  But  it  has 
not  any  superiority  of  position,  either  as  regards  reserves  or  profits, 
over  A,  which  would  not  have  arisen  under  the  most  rigid  system  of 
valuation,  bringing  out  the  largest  possible  reserve  for  every  policy, 
young  or  old.  In  fact,  after  the  supposition  at  the  outset  of  negative 
values,  it  has  been  unnecessary  to  make  mention  of  them  throughout 
the  argument,  and  the  supposition  might  have  been  entirely  omitted. 
It  is  true  that,  during  the  currency  of  the  septennium,  the  financial 
position  of  A  remained  stationary,  while  that  of  B  was  gradually 
strengthening  through  the  accumulation  of  undivided  profits;  but  this 
was  not  by  virtue  of  negative  policy  values.  A  similar  result  would 
have  appeared  with  any  system  of  valuation,  and  would  have  been 
the  more  marked  the  severer  the  test  applied. 

It  will  be  observed  that  we  have  not  made  any  supposition  as  to 
the  nature  of  the  business  transacted  by  the  companies.  We  have  only 
stipulated  that  an  amount  equal  to  the  profits  divided  at  the  end  of 
each  year  by  A,  be  immediately  and  specially  invested  by  B,  and 
allowed  to  accumulate  at  compound  interest  to  the  end  of  the  septen- 
nium :  and  the  result  is,  that  the  amount  which  B  then  has  available 
for  distribution  is  exactly  equal  to  the  profits  declared  by  A,  accumu- 
lated at  interest.  With  this  result  Mr.  Gray's  figures  do  not,  at  first 
sight,  quite  coincide,  for  he  finds  that  the  profits  of  A,  accumulated 
at  interest,  fall  short  of  the  available  surplus  of  B:  and  his  conclusion, 
which  the  above  reasoning  shows  to  be  erroneous,  he  attempts  to 
justify  by  algebra,  in  a  way  which  is  easily  proved  to  be  fallacious. 
He  says,  speaking  of  the  second  septennium  of  the  two  companies: — 

"  The  amount  that  A  divides  at  the  end  of  the  8th  year  is  retained 
"  by  B,  and  forms  part  of  those  funds  whose  average  amount  at  the 
"  beginning  and  end  of  the  year  is  invested  at  4-|  per-cent,  so  that  if 
"  m  be  the  amount  distributed  by  A,  and  n  its  amount  at  the  end  of 
"  the  year,  i  being  the  rate  of  interest,  we  have — 

etm  +  n 
— - —  x  i—n —  m. 


:'<i-£)=«(H) 


"  whence  n=m  r. 

"  If  t=-015, 

"  we  have  n=mX  1046036;  so  that  the  amounts  divided  by  A  must 
"  be  invested  at  4*6036  per-cent  to  amount  to  the  sum  now  divided 
"  by  B,  since  that  is  the  rate  B  has  made  on  these  sums  it  has  hitherto 
"  retained." 

But  surely  it  is  self-evident  that  the  equation  from  which  Mr.  Gray 
starts  to  find  n,  is  not  a  legitimate  one ;  and  it  naturally  leads  to  a 
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reductio  ad  absurdum,  for  n,  the  amount  of  m  at  the  end  of  the  year, 
comes  out  actually  greater  than  a  result  which  no  manipula- 

tion of  investments  could  possibly  produce.  It  would  seem  that  he 
has  confounded  the  fixed  quantity,  m,  with  the  fluctuating  funds  of 
the  company,  and  made  an  unnecessary  attempt  to  find  its  amount  at 
the  end  of  the  year;  an  attempt  which  has  led  him  to  change  the  rate 
of  interest,  4  5  per-cent,  with  which  he  started,  to  4*6036  per-cent. 
This  changed  rate  of  interest  he  has  then  employed  for  the  accumula- 
tion of  the  funds  of  the  two  companies.  It  therefore,  instead  of  the 
original  4*5  per-cent,  becomes  the  rate  symbolically  written  i,  and  on 
its  basis  he  has  correctly  worked  out  the  successive  positions  of  the 
two  companies,  and  proved  that  if  they  both  realize  that  rate  on  their 
funds,  the  profits  divided  annually  by  A,  if  accumulated  at  that 
rate  to  the  end  of  the  septennium,  will  exactly  equal  the  sum  then 
available  for  division  by  B.  The  same  conclusion  would  have  been 
arrived  at  had  he  adhered  in  his  calculations  to  the  rate,  4*5  per-cent, 
which  he  at  first  selected ;  but  it  only  introduces  confusion  to  go  back 
for  comparison  to  the  rate  4*5  per-cent,  when  the  figures  have  been 
worked  out  at  4*6036  per-cent. 

I  am,  Sir, 

Your  obedient  servant, 

1  Bartholomew  Lane,  GEOKGE  KING. 

London,  E.C. 


Mr.  Gray,  to  whom  we  forwarded  a  copy  of  the  above  letter, 
requests  us  to  insert  the  following  reply. — Ed.  J. I. A. 


To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sir, — The  only  point  of  difference  between  Mr.  King  and  myself 
on  this  subject  appears  to  turn  on  the  question  of  "  two  offices  making 
the  same  rate  of  interest  on  their  funds." 

Mr.  King,  in  his  mathematical  demonstration,  very  conveniently 
assumes  the  rate  i,  which  he  applies  to  A's  surpluses  alone,  and  leaves 
out  of  consideration  the  actual  working  of  the  funds  of  the  two 
companies.  The  only  practical  answer  to  the  question  that  I  have 
hitherto  come  across  is  in  Messrs.  Malcolm  &  Hamilton's  Eeport  to 
the  Board  of  Trade,  where  the  rate  realized  by  the  various  offices  is 
obtained  by  taking  the  mean  amount  of  the  assurance  fund  at  the 
beginning  and  end  of  the  year,  and  dividing  it  into  the  total  amount 
of  interest  received.  This  method  of  obtaining  the  rate  is  well 
adapted  to  the  working  of  a  model  office  ;  for  it  at  once  solves  the 
difficulty  attending  the  daily  fluctuation  of  the  assurance  fund,  from 
premiums  and  interest  received,  and  claims,  surrenders,  and  expenses, 
paid  away.  It  was  for  these  two  reasons  that  I  adopted  the  rate  as 
given  in  the  letter  to  which  Mr.  King  refers  ;  but  it  is  evident  that, 
as  the  funds  at  the  end  of  the  year  are  made  up,  inter  alia,  of  interest 
received  during  the  year,  the  rate  quoted  (4  J,  per-cent)  can  only  be  a 
nominal  rate,  and  must  not  be  confounded  with  a  rate  of  4rJ  per-cent 
on  the  amount  at  the  beginning  of  the  year.    Each  time  I  referred  to 
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it,  I  stated  the  conditions  attending  its  use ;  but  these  Mr.  King  has 
disregarded  throughout,  and,  as  a  necessary  consequence,  has  been  led 
to  the  conclusion  that  the  equation  he  quotes  is  not  a  legitimate  one, 
and  further  that  I  have  used  two  different  rates  of  interest. 

In  speaking  of  the  accumulation  of  the  annual  surpluses  at  4-|  per- 
cent, I  had  in  mind  the  ordinary  formula  for  that  purpose  (in  fact 
the  one  used  by  Mr.  King),  m(l  +  i)tmf  but  it  is  clear  that  this 
formula  is  inapplicable  to  a  nominal  rate  of  interest,  and  that  it  must 
be  replaced  by  its  equivalent  effective  rate,  payable  annually  at  the 
end  of  the  year,  if  that  formula  be  employed.  The  accumulation 
however  might  equally  well  be  made,  without  the  intervention  of  the 


effective  rate,  by  means  of  the  formula  m  I   ,  i  being  the 


nominal  rate  previously  assumed. 

It  would  seem  that  Mr.  King  is  of  opinion  that  a  book  entry  with 
reference  to  the  annual  surpluses,  would  have  the  effect  of  separating 
them  from  the  fluctuating  funds  of  office  B ;  but  this  I  cannot  admit, 
unless  special  securities  be  set  aside  for  the  purpose,  in  which  case  the 
accumulation  would  depend  on  the  rate  realized  by  these  particular 
securities,  and  not  on  the  "  disputed  "  common  rate  realized  by  both 
offices  on  all  their  funds. 

Thanking  you  for  your  courtesy  in  allowing  me  this  early  oppor- 
tunity of  replying  to  Mr.  King's  remarks, 

I  am,  Sir, 

Your  very  obedient  Servant, 

W.  T.  GRAY. 

5  Whitehall,  S.W. 


Insurances  against  Issue. 

The  following  particulars  of  the  Issue  Insurances  effected  with 
British  Life  Offices,  are  extracted  from  the  returns  made  to  the 
Board  of  Trade.  They  will,  no  doubt,  be  interesting  to  many  of 
our  readers,  as  giving  a  fair  indication  of  the  total  amount  of  the 
transactions  of  the  kind  entered  into  in  this  country  and  still 
subsisting,  and  of  the  premiums  paid  thereon  and  the  estimated 
outstanding  risk.  We  believe  that,  in  consequence  of  the  advanced 
age  of  the  lives  upon  which  such  insurances  are  usually  effected, 
the  risks  run  off  much  more  rapidly  than  in  ordinary  insurances, 
and  the  aggregate  amount  of  the  profit  made  by  the  companies 
must  be  considerable.  We  have  only  heard  of  one  single  insurance 
against  issue  becoming  a  claim. 
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Name  of  Company. 

Date  of 

No. 
of 

Cases. 

Net  Amounts, 

deducting 
Reinsurances. 

Gross  Amounts. 

Valuation. 

Sums 
insured. 

Pre- 
miums 
received. 

Sums 
insured. 

•  Pre- 
miums 
received. 

Re- 
serve. 

Average 
Premium 
per-cent. 

London  and  Provincial  Law 

Eagle  

Equity  and  Law 
Law  Union 
Norwich  Union  . 
Standard  .... 
Pelican      .  . 
London  Assurance 
Hand-in-Hand  .  . 
Guardian  .... 
North  British  . 
Alliance  .... 
City  of  Glasgow. 
Liverpool  &  London  &  Globe 
Commercial  Union 
Union  .... 
Imperial  .... 
Reliance  .... 
Clerical  .... 
Sovereign  .... 
Westminster 

Patriotic  .... 
London  and  Lancashire 
U.  K.  Temperance 
General  .... 
Queen  .... 
Briton  .... 

31  Dec.  1870 

30  June  1872 

31  Dec.  1874 
30  Nov.  1874 
30  June  1871 
15  Nov.  1870 

30  June  1875 

31  Dec.  1870 
31  Dec.  1871 
24  Dec.  1874 
31  Dec.  1870 
31  Dec.  1873 
20  Jan.  1874 
31  Dec.  1873 
31  Dec.  1872 

30  June  1872 

31  Jan.  1871 
31  Dec.  1872 

30  June  1871 

31  Dec.  1873 
31  Dec.  1871 
31  Mar.  1874 
oL  JJec.  1o/a 
31  Dec.  1870 
31  Dec.  1872 
31  Dec.  1873 
31  Dec.  1872 

60 

23 
38 
24 
10 
12 
7 
7 
5 
8 
6 
6 
10 
5 
6 
3 
6 
5 
2 
2 

3 
2 

q 

1 

1 

2 
4 

176,351 
140,320 
133,580 
58,700 
42,382 
42,060 
36:015 
30,000 
27,250 
24,600 
23,500 
21,500 
19,150 
17,900 
14,000 
13,000 
11,000 
11,000 
9,000 
5,000 
4,100 
4,000 
o,ouu 
2,000 
2,000 
2,000 
1,850 

10,636 
12,445 
10,003 
4,407 
3,143 
3.839 
3,016 
1,138 
962 
2,243 
2,061 
1,338 
1,307 
913 
705 
1,040 
242 
791* 
180 
198 
440 
480 

210 
105 
40 
126 

213,351 
191,675 
143,9b0 
71,700 

42,382 
43,56u 
36.015 
30,000 
27,25( 
45,600 
97,500 
21,500 
22.150 
17,900 
14.00:; 
13,000 
29,650 
13,000 
9,000 
5,000 
4,100 
4,000 

O.OxJKJ 

2,000 
2,000 
2,000 
1,850 

12,507 
16,300 
10,648 
5,176 
3,143 
4,476 
3,016 
1,138 
962 
4,007 
4,261 
1,338 
1,579 
913 
705 
1040 
615 
940 
180 
198 
440 
480 

210 
105 
40 
126 

8,771 
6,697 
10,^48 
2,588 
1.522 
2,829 
3.016 
1,138 
2,018 
4,C07 
4,301 
669 
5,344 
443 
670 
520 
615 
780 
90 
100 
440 
406 
no 
200 
53 
20 
73 

5-  86 
8-50 
7-40 
7-22 

7-  42 
10-2S 

837 
3-79 

3-  53 
879 

4-  37 

6-  22 
713 

5-  10 
5-04 

8-  00 
2-07 

7-  23 

2-  00 

3-  96 
1073 
12-00 

o  y/ 
1050 

5-  25 
2'00 

6-  81 

27  Companies. 

Total  . 

875,558 

62,238 

1,107,463 

74,773 

58,073 

6-75 

#  Estimated  as  equal  to  ^  x  940. 

Five  of  the  above  companies  have  made  returns  under  the 
6th  Schedule,  giving  information  as  to  valuations  made  before  the 
passing  of  the  Act.    The  following  particulars  are  extracted  from 
those  returns. 

Name  of  Company. 

Date  of 

No.* 

of 
Cases. 

Net  Amounts, 

deducting 
Reinsurances. 

Gross  Amounts. 

Valuation. 

Sums 
insured. 

Pre- 
miums 
received. 

Sums 
insured. 

Pre- 
miums 
received. 

Re- 
serve.* 

Averse 
Premium 

Equity  and  Law 
Law  Union 

Pelican  .... 
Guardian  .... 
City  of  Glasgow. 

31  Dec.  1869 
30  Nov.  1869 
30  June  1868 
24  Dec.  1869 
20  Jan.  1869 

95,569 
23,100 
30,634 
46,000 
15,150 

6,935 
1,770 
3,280 
4,327 
924 

96,969 
31,600 
30,634 
67,000 
17,150 

7,013 
2,256 
3,280 
6,091 
1,144 

7-2:5 
714 
10-71 
9-09 
6-67 

*  No  information  as  to  these  points  is  contained  in  the  return  under  the  6th  schedule. 
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On  the  True  Measure  of  the  Death  Strain  on  the  Funds  of  a  Life 
Assurance  Society.  By  Charles  D.  Higham,  F.I.A.,  F.S.S., 
Assistant  Actuary  to  the  Metropolitan  Life  Assurance  Society. 

[Bead  before  the  Institute,  29  Jan.  1877.] 

ThE  practice  of  making  a  comparison  between  the  mortality 
actually  experienced  by  a  life  assurance  society  during  a  given 
period  of  time,  and  that  which  might  have  been  expected  (to  use 
the  term  in  its  professional  sense)  according  to  the  mortality  table 
on  which  the  periodical  valuations  are  based,  has  now  become  so 
general,  that  no  apology  is  needed  for  drawing  further  attention  to 
the  subject,  if  it  can  be  shown  that  the  method  usually  employed 
at  present  is  not  altogether  satisfactory.  We  are  accustomed  to 
see  in  the  reports  of  companies  particulars  set  forth  as  to  the 
number  of  policies  which  have  become  claims,  the  amounts  assured 
and  bonus  additions,  and  occasionally  the  premiums  payable  there- 
on, and  for  purposes  of  comparison  a  statement  is  made  giving 
similar  particulars  as  to  the  claims  which  the  mortality  table  used 
would  warrant.  But  when  it  is  remembered  that  for  every  policy 
on  the  books  of  an  office  some  reserve  value  of  greater  or  less 
amount  is  in  hand,  it  is  apparent  that  no  system  of  comparison  of 
actual  and  expected  mortality  can  be  correct  which  does  not  take 
into  account  the  extent  to  which  the  claims  are  and  should  be 
vol.  xx,  m 
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met  by  the  reserve  values  held  against  them.  The  actual  cost  to 
the  office  of  the  death  of  an  assured  life  is  not  the  sum  assured, 
but  the  difference  between  that  amount  and  the  reserve  value 
retained  to  meet  such  a  payment,  and  it  is  this  balance  which 
should  be  the  measure  in  any  attempt  to  ascertain  the  strain  of 
the  mortality  on  the  funds.  As  from  the  gross  sum  assured  on 
the  office  books  a  certain  proportion  is  detached,  as  it  were,  as  the 
amount  which  may  be  expected  to  be  paid  away  in  claims ;  so 
from  the  gross  liability  shown  by  a  valuation  should  that  part  be 
set  aside,  which  is  considered  to  be  the  reserve  value  of  such  an 
amount.  The  difference  between  these  two  segregated  quantities 
is  the  true  standard  by  which  the  strain  of  the  deaths  on  the 
funds  is  to  be  measured,  and  according  as  the  balance  between 
sum  assured  and  reserve  value  of  the  claims  actually  paid  falls 
short  of  or  exceeds  this  sum,  is  gain  or  loss  to  be  attributed  to  the 
mortality  experience. 

In  the  theoretical  consideration  of  a  policy  value,  it  is  perfectly 
well  understood  that  if  to  the  value  of  a  policy  at  the  end  of  any 
year  the  annual  premium  be  added,  and  the  sum  accumulated  for 
a  year  at  the  proper  rate  of  interest,  there  will  result  a  fund 
sufficient  in  amount  both  to  pay  in  full  that  portion  of  the  sum 
assured  which  is  shown  by  the  mortality  table  used  to  be  the  normal 
death  claim,  and  also  to  provide  the  increased  reserve  value  for  the 
remainder.  Seeing  however  the  stress  which  is  laid  in  this  paper 
on  the  fact  that  every  risk  has  its  reserve,  it  is  better  slightly  to 
vary  the  terms  of  the  above  proposition,  and  to  say  that  the  accu- 
mulation of  value  and  premium  will  furnish  the  increased  reserve 
value  for  the  whole  sum  assured,  and  in  addition  the  balance 
between  such  increased  reserved  value  and  the  full  sum  assured  for 
that  portion  thereof  which  may  be  expected  to  drop.  The  modifi- 
cation of  the  usual  proof  is  as  follows  : — 

={1-"-r+t)<1+^ 

_i_ ******  +0   Ti-A-  L±£*±»±A1 

—  n  i  1^  X     (J.r  \  N  [  1      M  i  I  »a»J  , 
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which  is,  of  course,  the  equivalent  of  px+n  n+  iVx  +  qx+n  as  generally 
given. 

The  value  of  a  policy  used  in  this  formula  [_nyx  —  Kx¥n 
—  vrx(l  +  cix+n)~\  assumes  the  payment  of  a  premium  to  be  imme- 
diately due,  whereas  the  formula  more  often  found  in  official  practice 
considers  that  an  interval  of  half  a  year  will  be  required  to  elapse 
first.  [A,  +u — vrx( £  +  ax+n)  =  (say)  nY'v]  •  No  substantial  variation 
however  is  rendered  necessary  in  the  proposition  above  stated,  but 
it  may  be  shown  that  there  will  be  a  deficiency  in  the  funds  at 
the  end  of  the  year  to  the  extent  of  six  months'  interest  on  the 
premium  on  half  the  amount  of  claim,  if  it  be  taken  for  granted 
that  the  premium  on  a  moiety  of  the  claim  will  be  paid,  and  that 
in  the  case  of  the  other  moiety  death  will  occur  before  payment 
becomes  due. 

=  UV.+-.)  (i +0  +  y  ~  ~2~  *•  (}  +  g) 

=.+.v'.+*.+.[i-(.+.v'.-  * )]-  &±s  0 

which  may  be  expressed  also  in  the  form  of 

This  deficiency  being  of  relatively  very  small  amount  need  not  enter 
into  the  considerations  of  this  paper,  but  it  will  be,  perhaps,  more 
convenient  to  make  use  of  the  annuity- due  formula,  when  a  reference 
to  the  value  of  a  policy  may  be  hereafter  necessary. 

Putting  aside,  as  at  present  irrelevant,  any  question  of  surrender, 
lapse,  or  forfeiture,  one  of  two  contingencies  must  befall  every 
policy  at  the  end  of  any  theoretical  year — it  must  either  be  con- 
tinued or  be  a  claim.  In  the  one  case  n+i~Vx  is  held  back  as  the 
reserve  for  the  future,  and  the  balance  qx+n{l—n+iVx)  thrown  into 
hotchpot  with  similar  balances  from  other  similar  assurances,  to  form 
the  fund  from  which  the  difference  between  sum  assured  and 
value  will  be  supplied  for  the  qxvn  to  be  claimed.  In  the  other 
case,  the  same  qx+n(l—  n+\Vx)  Soes  hotchpot,  while  (1—  n+\Vio) 
is  drawn  out  and  paid  with  M  +  1VX  to  the  assured,  and  the  particular 

m  2 
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contract  is  at  an  end.*  This  being  premised,  the  formula  first 
given  above  being  perfectly  general,  may  be  applied  to  any  or  all  of 
the  assurances  on  the  books  of  an  office,  and  it  may  be  laid  down 
that 

(ZY  +  SP)  (1  4-  i)  =  Z  +  ,V  +  q  £S  - 1  + ,  V), 

where  S  represents  the  sums  assured,  P  the  risk  premiums  payable, 
and  +1V  the  value  at  one  year  of  policy  age  older  than  is  shown 
Dy  V,  q  being,  of  course,  the  probability  of  death  in  the  year, 
and  Z,  as  usual,  the  symbol  of  summation.  It  may  be  seen 
that  the  increased  value  is  provided  for  the  whole  bulk  of  the 
assurances,  and,  in  addition,  the  balance  between  sum  assured  and 
value  for  the  claims;  the  fund  q(ZS—-Z  +1V)  being  the  true  amount 
which,  according  to  the  mortality  table  employed,  should  be  used 
to  supply  the  difference  between  sum  assured  and  value  in  the  case 
of  the  policies  which  fall  in.  If  it  were  possible  that  the  influence 
of  death  could  be  entirely  removed,  the  profit  f  from  this  cause 
would  be  not,  of  course,  qZ$,  as  the  usual  estimate  of  mortality 
would  imply,  but  q(Z$  —  Z  +i~V),  for  the  increased  value  would 
have  to  be  reserved  for  every  one  of  the  policies.  If,  on  the  other 
hand,  every  life  were  to  drop,  the  loss  would  he  p(ZS  —  Z  +iV),  for 
+  iV  is  in  hand  for  the  whole  amount  assured,  and  (S  —  +1V)  for 


*  At  Mr.  Hardy's  suggestion,  a  table  is  appended  in  further  illustration,  S  being 
the  sum  assured  at  the  age,  and  L=j9a;+nS,  D  =  g,x+nS,  so  that  S  =  L  +  D. 


Accumulation  at  interest 

of  the  Reserve 
at  commencement  of  year, 
and  the  Risk  Premium. 

pplication  of  Accumulation. 

Sum 
Assured. 

Reserve  required 
for  Assurances 
remaining  in 
force. 

Reserve  required 
in  part  payment 
of  Claims. 

Contribution  to  the 
year's  claims,  and 
applied  in  part  payment 
thereof. 

Assurances  to 
be  continued. 

L 

+  $x+nL>0~—  n+l^x) 

I 

Assurances  be- 
come claims. 

D 

D(nYx  +  vrx)(l  +  i)  = 

! 

Total  . 

S 

S(nV*  +  t3*)(l  +  i)  = 

+  £x+»S(l—  n+lVJ 

+  D  n+1Vx 

+  D(l-n+1V«) 

+  1). 

f  By  the  use  of  the  words  "  profit "  and  "  loss  as  being  more  convenient  than 
valuation  surplus  or  deficiency,  it  is  not  intended  to  be  implied  that  the  one  is 
necessarily  to  be  divided  or  the  other  to  cause  alarm,  seeing  that  attention  must 
always  be  given  to  the  data  of  the  calculations  and  the  special  circumstances  in 
each  case,  such  as  the  influence,  for  instance,  to  be  attributed  to  selection  on  one 
side  or  the  other. 
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q  of  it,  so  that  the  sum  to  be  made  up  would  be  that  balance 
for  the  remainder y  or  ^(SS  —  X  +{V).  Between  these  two  limits  any 
result  is  possible.  The  strain  on  the  assets  may  be  just  the  expected, 
and  yet  the  fund  #(SS— +iV)  may  be  either  split  up  into  many 
small  sums,  and  applied  in  supplying  the  balance  to  many  policies 
with  a  large  reserve  value,  in  which  case  the  sum  assured  paid  in 
claims  would  exceed  the  amount  estimated;  or  it  may  be  divided 
into  parts,  smaller  in  number  but  greater  in  amount,  and  used  for 
the  balance  of  assurances  with  a  small  value,  in  which  case  the 
claimed  sum  assured  would  fall  short  of  the  expected  sum.  Or  the 
fund  may  not  be  all  used,  and  there  will  be  gain,  or  more  may  be 
required  and  there  is  loss,  and  in  either  case  the  sum  assured  paid 
in  claims  may  exactly  coincide  with  that  set  forth  in  the  estimate 
of  mortality.  But  whatever  the  actual  results  may  be,  no  real 
comparison  can  be  made  with  the  expected  unless  the  amount  of 
this  fund  is  known,  since  it  only  is  the  true  measure  of  the  death 
strain. 

In  illustration,  assume  a  case  of  n  assurances,  each  for  1, 
taken  out  n,  n— -1,  .  *  .  .  1  years  ago  respectively,  at  the  respective 
ages  of  xy  x  +  1  .  ,  .  .  x+n—  1,  so  that  the  present  age  of  all 
the  lives  is  now  x  +  n,  and  the  sum  of  the  values  of  the  policies 
»V x  +  n-iYx+i  +  &c.  +  2YX+ „_2  +  iVj.+*_i ,  the  total  sum  assuredbeing 
?i.  Then  the  amount  which,  according  to  the  table,  is  due  for  pay- 
ment for  the  mortality  of  the  past  year  is  qx+n-i(l  + 1  +  &c.  +1  +  1) 
=  qx+n-in)  which  amount  should  be  supplied  to  the  extent  of 

Qxi-n-l{)iYx  +  n-l^x  +  l  +  &C.  +2Yx+n_2  +  l^x  +  n-l) 

by  the  reserve  value,  the  strain  on  the  assets  being 

(nVas  +  n-lVx  +  l+  &c-  +  2^x  +  n-2  +  l^x  +  »-i)}- 

If,  however,  the  actual  claims,  although  amounting  to  qn  in  the 
aggregate  (omitting  the  subscript  to  q),  are  found  to  be  not  evenly 
distributed  among  the  different  assurances,  but  otherwise  as 
(q  +  a)  +  +  +  &c-  +  (?  —  b)  +  [(l~a)j  where  a,  b,  c,  &c,  may  be 
any  fractions  not  exceeding  q,  and  either  positive  or  negative,  then 
the  contribution  from  reserve  is 

{q+a)nVx+(q  +  b)n-1Vx+i+  &c.  +  {q  —  b)2Yx+n_2+(q  —  a)1Yx+n„l 
=?UV*+l|_1Vfl.+i+  &c.  +2Var+w_2  +  iVa?+n_1)+fl(Va.--  iYx+7i~i) 

+  b(n-1Y^1—2Vx+n-2)  +  &c. 
and  the  strain  on  the  assets  is,  consequently, 

q{n—  (nVx  +  n-lVx+l+  &C  +*V*+n-3  +  iVx+»-i)} 

—  {a{nYx—i^x  +  n-l)+b(n_iYx+i  —  2Yx  +  n_2)+  &C.} 

On  comparison  of  the  actual  results  with  the  estimate,  it  appears 
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that  although  the  sum  assured  fallen  in  exactly  corresponds  there- 
with, yet  there  is  a  variation  to  the  extent  of 

~  {a{nVx  —  +  A(n-lVa.  +  i  — 2Va?  +  w_2)+  &C.} 

in  the  strain,  and  this  amount  is  therefore  the  gain  or  loss  from  the 
mortality  experience  of  the  year,  according  as  it  is  negative  or 
positive  as  a  whole,  for  it  must  be  remembered  that  its  terms  may  have 
varying  signs.    Seeing,  then,  that  a  surplus  or  deficiency  represented 

—  {a(nfx—  iVx+n-i)+Hn-iVx+i  —  2s?  x +71-2)  +  &c.}  has  arisen 
through  an  abnormal  distribution  of  claims  agreeing  in  amount  of  sum 
assured  with  the  estimate,  it  follows  that  the  amount  of  sum  assured 
paid  away  may  be  increased  without  loss  or  diminished  without  gain, 
the  variation  being  limited  to  that  amount,  of  which  the  balance 
between  sum  assured  and  value  is  equal  to  the  surplus  or  deficiency. 

Generally,  therefore,  if  there  be  gross  assurances  amounting  to 
ZS,  of  which  the  value  is  ^V,  the  measure  of  the  death  strain,  as 
defined  above,  being  ^(2S  —  SV),  and  if  the  actually  claimed  sum 
assured  be  (q  +  y)%S,  with  a  reserve  value  of  (q+z)%V,  where 
y  and  z  may  be  positive  or  negative,  but  neither  less  than  —  q3 
then  the  actual  strain  on  the  assurance  fund  is  (q'+y)%8  —  (q+z)%Y 
=  5(2S-2V)  +y$8—ztV,  and  therefore  the  quantity  ytS-zZV, 
according  as  it  is  negative  or  positive  as  a  whole,  is  gain  from 
favourable  or  loss  from  unfavourable  mortality.  If  the  claims 
are  less  but  the  reserve  greater  than  the  expected,  that  is,  if 
y  be  negative  and  z  positive,  the  quantity  y^S— zSV  will  be 
negative,  implying  profit;  if,  on  the  other  hand,  the  contrary  be 
the  case,  and  y  be  positive  and  z  negative,  the  quantity  will  be 
positive,  showing  loss:  or  the  claims  may  be  excessive  and  their 
value  also,  when  y  and  z  will  be  positive,  or  both  may  be  under 
the  estimate,  and  y  and  z  negative,  in  either  of  which  cases  the 
ultimate  sign  of  the  quantity  depends  upon  the  comparative  mag- 
nitude of  its  component  parts.  In  other  words,  the  actual  strain 
is  less  than,  equal  to,  or  greater  than  the  expected,  that  is,  there 
is  profit,  the  tabular  strain,  or  loss,  according  as 

or  y%S<  =  >z$Y, 

that  is,  according  as  the  variation  in  the  sum  assured  fallen  in  is 
less  than,  equal  to,  or  greater  than  the  variation  in  reserve  value, 
regard  being  had  to  the  signs  of  the  different  sides  of  the  inequality 
or  equation. 

The  following  numerical  example  may  not  be  out  of  place, 
though  it  will  be  seen  that  the  figures  have  been  chosen  rather  for 
convenience  than  for  resemblance  to  official  experience. 
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Assume  that  an  office  has  assurances  to  the  extent  of  £260,000 
existing  at  age  70,  the  risk  premiums  payable  being  £6972,  and 
consequently  the  reserve  value  by  the  HM  4  per-cent  Table 
£136,239,  leaving  £123,761  as  the  amount  really  at  risk.  Then 
by  the  table,  a  sum  of  £14,908  is  payable  for  the  claims  of  the 
past  year,  and  if  the  mortality  is  evenly  distributed  over  the  whole 
of  the  assurances,  £7811  thereof  will  be  provided  from  reserve 
value,  leaving  the  difference  of  £7097  as  the  strain  on  the  assets, 
this  difference  being  the  true  measure  defined  above.  But  if  the 
deaths  are  found  to  have  actually  fallen  entirely  on  the  oldest 
policies,  though  the  claims  amount  to  precisely  the  tabular  £14,908, 
yet  the  strain  on  the  assets  will  only  be  £5465  (or  77  per-cent 
of  the  expected),  by  reason  of  the  large  proportion  of  value  in  hand 
to  meet  them,  and  there  is  consequently  a  profit  of  £1632 :  if,  on 
the  other  hand,  only  the  lives  most  recently  assured  have  dropped, 
claims  to  the  extent  of  the  same  sum  of  £14,908  will  cause  a 
strain  equivalent  to  155  per-cent  of  the  estimated,  and  will  entail 
a  loss  of  £3924.  It  is  evident,  then,  that  in  spite  of  the  payment  of 
exactly  the  estimated  amount  of  sum  assured,  there  may  be  a  profit 
of  £1632,  or  loss  of  £3924,  or  any  intervening  result — in  other  words, 
in  the  actual  strain  there  may  be  a  range  of  78  per-cent  of  the  esti- 
mated. But  further,  the  profit  of  £1632  may  be  applied  to  meet  the 
increased  strain  caused  by  an  augmentation  of  the  claim  sum  assured, 
and  if  this  additional  mortality  should  also  fall  entirely  on  the 
oldest  policies,  the  profit  will  permit  of  an  extension  by  £4247  of 
the  claims,  and  therefore  £19,155,  equivalent  to  128  per-cent  of 
the  estimate,  may  be  paid  away  without  any  deviation  from  the 
tabular  strain.  Similarly  the  loss  of  £3924  may  be  avoided,  if 
the  claims  should  be  reduced  to  £9282,  or  62  per-cent  of  the 
expected.  Here  then  it  may  be  seen  that  the  sum  assured  payable 
in  death  claims  may  range  between  128  and  62  per-cent  of  the 
estimate,  without  causing  loss  or  bringing  profit  to  the  office.  In 
spite  of  the  extreme  character  of  this  example,  its  evidence  is  clear  : 
it  cannot  be  expected  that  each  set  of  assurances  will  exactly 
conform  to  the  mortality  law,  but  the  balance  of  the  variations 
will  be  the  profit  or  loss  at  the  age,  and  the  balance  of  these  profits 
and  losses  the  gross  profit  or  loss  on  the  general  transactions  of 
the  year. 

Nothing  has  yet  been  said  about  bonus,  but  there  is  an  inherent 
difference  between  the  reserve  value  of  the  reversionary  bonuses  at 
any  age  and  that  of  the  policies  proper,  in  that  reversionary  bonus 
being  a  fixed  sum  payable  without  any  future  benefit  to  be  received. 
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the  same  value  will  have  to  be  provided  for  every  1  thereof, 
while  the  value  of  the  policies  varies  according  to  the  premiums 
payable  thereon.  Taking  the  assurances  at  any  given  age,  as  far 
as  the  contract  policy  moneys  only  are  concerned,  it  may  be  roughly 
stated^  that  the  more  recent  is  the  assurance  which  has  become  a 
claim,  the  more  severe  is  the  strain.  Looking  only  to  reversionary 
bonus,  however,  it  would  be  a  matter  of  indifference  where  the 
mortality  fell,  if  the  bonus  were  evenly  distributed  among  the 
different  policies;  but  seeing  that  it  is  usual  for  the  preponderance 
to  attach  to  the  older  ones,  it  is  evident  that,  in  the  consideration 
of  the  bonus  by  itself,  the  more  recent  the  assurances  which 
fall  in,  the  less  is  the  strain  on  the  funds,  since  a  less  amount 
of  bonus  is  payable.  For  sum  assured  and  reversionary  bonus, 
then,  two  different  forces  are  working,  and  it  may  well  happen  that 
their  opposition  may  have  the  effect  of  counteracting  excessive 
profit  or  loss,  especially  in  the  case  of  offices  where  there  is  any 
tendency  to  an  undue  increase  in  the  reversionary  bonus  appro- 
priated to  the  policies  of  standing. 

As  has  been  proved  above  in  the  case  of  a  policy  value,  it  may 
also  be  shown  of  a  simple  reversion,  that  the  accumulation  at 
interest  for  a  year  of  its  value  at  any  time,  provides  the  increased 
value  at  the  end  of  the  year  of  the  whole  reversion,  together  with 
the  balance  between  such  increased  value  and  the  reversion  in 
respect  of  that  portion  which  by  the  mortality  table  should  fall  in, 

Aar+rc  (1  +  i)  =  1  i&x+n 

=  1  —  ivpx + n  (1  +  ax + w  + 1) 

=  1  —  d(l  +  ax^.  n+i)  +qx+nd(l  +  ax+ w+1) 

=  1  —  d(l  +  ax+n+l)+qx+n  —  qx+n{l—d{l+ax+n+i)} 

—  A.x+n+i-\-  qx+n(l.  Ax+n±i), 

which  may  also  be  carried  a  step  farther  into 

Px+n,A-x+n  +  i")~  qx+7i  • 

As  before,  it  will  be  seen  that  the  profit  resulting  from  a  total 
absence  of  claim  would  be  qx+n{l-  —  Ax+n,+i)i  an(l  tnat  a  l°ss  °f 
Px+n{^—Ax+n+i)  would  be  caused  by  an  absolute  failure  of  life. 
It  is  apparent  that  the  measure  of  the  death  strain  here  should  be 
the  same  as  for  the  contract  policy  moneys  treated  of  above,  and  a 
repetition  of  arguments  is  unnecessary.  Still  less  will  one  be 
called  for  when  it  is  remembered  that  the  usual  practice  in  an  office 
valuation  is,  to  treat  reversionary  bonus  as  if  it  were  additional 
sum  assured  without  premium,  and  the  only  importance  attaching 
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to  the  question  is  from  the  modifying  influences  of  which  such 
additions  may  be  the  cause. 

Nor  is  it  necessary  to  give  special  consideration  to  bonus  in 
reduction  of  premium,  save  only  to  remember  that  the  substitution 
of  a  smaller  premium,  whether  for  a  term  or  for  life,  or  the  extinc- 
tion of  the  annual  charge,  increases  reserve,  and  consequently 
diminishes  strain.  Any  preponderance,  then,  of  appropriation  to 
the  older  policies  intensifies  rather  than  counteracts  the  advantage 
of  the  deaths  falling  among  such  assurances. 

It  remains  to  be  seen,  what  general  rules  can  be  laid  down  in 
the  application  of  the  foregoing  theories  to  practical  use.  Seeing 
that  both  sum  assured  (including  reversionary  bonus)  and  reserve 
value  are  subject  to  certain  multiplications,  it  is  needless  to  point 
out  that  advantage  may  be  taken  of  the  system  of  generalization 
given  by  the  Class  Book  in  the  grouping  of  amounts  to  which  the 
same  multiplier  is  appropriate;  but  it  must  not  be  forgotten  that 
the  individual  assurances  thereby  amalgamated  have  all  an  indi- 
vidual influence  on  the  mortality  experience,  depending  on  the 
difference  in  the  proportions  of  the  sums  assured  which  represent 
the  real  cost  to  the  office. 

Since  allowance  must  be  made  for  the  time  during  which 
no  risk  is  run  under  certain  policies  which  are  only  in  force 
for  a  portion  of  the  period,  say  the  year,  for  which  the  estimate 
is  wanted,  no  accurate  computation  can  be  made  until  its  expiry. 
When  the  end  of  the  year  has  come,  and  a  valuation  of  all  the 
policies  in  force  has  been  made,  a  detailed  statement  giving  the 
sum  assured  and  reserve  value  at  each  age,  the  policies  which,  for 
various  reasons,  have  become  extinct  during  the  year,  will  have 
been  omitted,  while  others  will  have  been  included  which  have 
not  been  in  existence  during  the  whole  period,  and  some  adjust- 
ment is  necessary.  The  totals  therefore  of  the  claims  by  death, 
the  policies  otherwise  terminated,  and  the  new  assurances  must  be 
obtained  from  the  Class  Book  at  each  age,  and,  except  in  the  case 
of  the  claims,  the  usual  moiety  of  the  sum  assured  taken  as  the 
amount  which  has  been  at  risk  throughout  the  whole  year.  No 
apportionment  must  however  be  made  with  regard  to  the  claims, 
for  though  the  estimate  is  being  made  at  the  end  of  the  year,  it 
bears  the  date,  as  it  were,  of  the  beginning,  and  knowledge  then 
impossible  must  not  now  be  taken  for  granted;  and  if  to  deal  with 
the  surrenders,  &c,  and  the  new  business,  as  suggested  above, 
seems  to  imply  the  possession  of  unwarranted  information,  it  must 
be  remembered  that  the  method  is  but  an  attempt  to  eliminate  a 
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mode  of  termination,  or  irregular  commencement,  which  cannot  but 
be  considered  anomalous.  The  reserve  value  of  the  death  claims 
in  their  entirety  should  in  the  next  place  be  computed;  and  in  making 
similar  calculations  for  the  adjusted  amounts  of  the  policies  sur- 
rendered, lapsed  and  forfeited,  and  of  the  new  assurances,  it  will  be 
sufficiently  accurate  for  the  present  purpose,  if  the  risk  premiums 
be  halved,  like  the  sums  assured,  and  the  valuation  made  on  the 
basis  of  the  reduced  amounts. 

In  compliance,  then,  with  the  above  recommendations,  we  may 
be  said  to  have  for  each  age  the  sum  assured  and  reserve  value, 
first,  of  the  gross  number  of  the  policies  in  force;  secondly,  of 
the  death  claims;  thirdly,  of  such  a  proportion  of  the  assurances 
terminated  otherwise  than  by  death  as  is  left  by  the  foregoing 
adjustment;  and  lastly,  of  a  similar  proportion  of  the  new  business: 
if,  therefore,  to  the  first  set  of  figures,  the  second  and  third  be 
added,  and  the  last  be  deducted  therefrom  (for  the  first  includes 
the  total  new  assurances  instead  of  one  half,  and  the  last  is  the 
actual  moiety),  the  resulting  quantities  will  be  the  proper  equivalent 
of  the  amount  of  sum  assured  which  has  undergone  a  whole  year's 
risk,  and  the  reserve  value  at  the  end  of  the  time.  Each  of  these 
quantities  being  then  multiplied  by  the  probability  of  dying  in  a 
year  at  such  an  age  as  was  attained  at  the  commencement  of 
the  year  in  question,  the  sums  of  the  two  sets  of  products  will 
give  the  amount  of  sum  assured  which,  according  to  the  mortality 
table,  should  be  claimed,  with  the  amount  which  is  in  hand  as 
reserve  value,  the  difference  being  the  true  measure  of  the  strain 
on  the  funds.  The  actual  experience  will  be  shown  by  the  sum- 
mation of  the  sums  assured  and  reserve  values  of  the  death 
claims,  as  given  above,  the  balance  between  assurance  and  value 
being  the  actual  strain;  and  from  the  comparison  of  the  actual 
strain  with  the  measure,  the  profit  or  loss  from  mortality  may  be 
ascertained — the  less  being  the  actual  strain,  the  greater  the  profit 
or  the  less  the  loss.  It  will  not  be  overlooked  that  the  effects  of 
the  claims  on  the  profit  fund  might  be  equally  well  ascertained  by 
the  multiplication  by  the  probability  of  death  of  the  difference  only 
between  sum  assured  and  value,  instead  of  that  of  each  of  them 
separately;  but  the  additional  insight  gained  by  the  more  extended 
return  is  well  worth  the  slight  additional  labour  involved.  For 
instance,  if  both  for  estimate  and  actual  experience  the  average 
proportion  of  sum  assured  not  supported  by  reserve  value  be 
obtained,  the  comparison  of  these  proportions  will  show  the  quality 
of  the  claims,  in  the  same  way  as  the  comparison  of  the  sums 
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assured  shows  the  amount  or  quantity ;  while  by  contrasting  the 
estimated  with  the  actual  strain,  the  combined  result  of  the  two 
considerations  is  discovered.*  The  subject  of  this  paper  being 
financial,  a  comparison  as  to  number  need  not  be  referred  to. 

But  an  element  of  inaccuracy  remains  in  the  above  given  process, 
in  that  claims  are  not  in  practice  paid  all  together  at  the  end  of 
the  year,  as  is  theoretically  assumed.  One  with  another,  all  the 
deaths  may  be  considered  to  take  place  half  way  through  the  year; 
and  if  one  month  is  required  for  proof  of  the  fact,  and  three  more 
must  elapse  before  the  claim  is  matured,  the  moneys  will  eventually 
become  payable  two  months  before  the  end  of  it.  It  will  probably, 
therefore,  be  considered  a  sufficient  adjustment  if  two  months' 
interest  be  added  both  to  the  sum  assured  estimated  to  fall  in,  and 
to  the  amount  which  has  actually  done  so. 

It  may  be  that  there  are  some  who  would  be  willing  to  approach 
less  closely  to  an  accurate  measure  of  the  death  strain  than  as 
above,  for  the  sake  of  being  able  to  gauge  the  mortality  being 
experienced  month  by  month  as  a  year  rolls  on;  and  if  there  be 
the  means  of  making  a  fair  approximation  to  the  amount  of  the 
probable  surrenders,  &c,  and  new  business,  it  would  seem  that  an 
estimate  of  a  coming  year's  mortality  might  be  obtained  at  the 
beginning,  by  making  a  rough  valuation  as  at  the  end  of  it,  or 
by  basing  the  computations  on  the  valuation  in  possession,  and 
making  such  adjustment  as  is  possible  for  increase  in  the  reserve 
value  of  the  estimated  claims.  In  such  cases,  however,  the  actual 
claims  would  have  to  be  valued  one  by  one,  for  advantage  could 
not  be  taken  of  the  Class  Book  grouping. 

So  far  for  ordinary  whole  life  assurances,  and  as  the  same 
general  principles  apply  to  every  other  class  of  policies,  it  is  unne- 
cessary to  deal  separately  with  each.  It  must  suffice  to  say,  that 
the  contribution  of  all  to  the  estimate  of  mortality,  both  under 
sum  assured  and  reserve  value,  must  be  obtained  by  the  use  of  the 

#  For  the  sake  of  an  example,  taking  the  table  for  a  single  age  given  on  p.  159, 
the  proportion  of  strain,  as  estimated  is  47'6  per-cent,  and  for  the  supposed  actual 
results  36*7,  73*9,  37*0,  and  /  (3*5  pur-cent  respectively.  To  compare  the  four 
suppositions  one  with  another,  the  respective  percentages  the  actual  figures  are  of 
the  estimated  should  be  found,  and  it  will  be  seen  that  the  relation  is  as  follows: — 

As  to  amount  As  to  proportion  As  to  real  cost 

of  sum  assured,  of  strain,  to  the  profit  fund, 

or  quantity.  or  quality.  or  strain. 

100-0  77-0  77-0 

]000  155-3  155-3 

128-4  77*8  10^-0 

622  160-6  100-0 

the  last  column  being  obtained  either  directly  from  the  strains,  or  from  a  multipli- 
cation of  the  other  two. 
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appropriate  probability  of  the  claim  becoming  payable  during  the 
year;  but  it  will  be  remembered  that  there  is  great  variation  in 
the  balances  really  at  risk  under  different  sorts  of  policies — the 
strain,  for  instance,  caused  by  the  failure  of  an  endowment  assur- 
ance being  very  different  from  that  due  to  a  claim  under  a  short 
period  policy.  The  greater  the  reserve,  the  less  will  the  mortality 
be  felt ;  but,  at  the  same  time,  a  diminution  of  the  possible  loss  is 
also  a  lessening  of  the  possible  profit. 

Hitherto  an  annual  valuation  has  been  taken  for  granted;  for 
although  the  majority  of  offices  declare  bonus  only  at  quinquennial 
or  other  intervals,  it  is  not  unusual  for  the  Valuation  Class  Book 
to  be  balanced  at  the  end  of  every  year,  and  a  test  investigation  to 
be  thereupon  made.  In  such  cases,  the  foregoing  remarks  do  not 
require  revision,  but  the  profit  or  loss  of  any  year  must  be  accu- 
mulated at  interest  until  the  end  of  the  period,  the  total  or  net 
result  being  the  aggregate  or  balance  of  the  different  accumulations. 
But  it  is  not  easy  to  see  how  any  satisfactory  estimate  can  be 
obtained  for  those  companies  which  have  valuations  of  liability 
only  at  intervals  of  more  than  one  year.  As  the  age  increases 
during  the  period,  the  probability  of  death  also  increases, 
while  the  difference  between  sum  assured  and  value  diminishes, 
so  that  there  is  a  certain  amount  of  counteraction  in  the 
influences  at  work;  but  even  if  it  were  practicable  to  obtain  a 
formula  for  an  estimate  applicable  to  values  at  the  middle  of  the 
period,  an  actuarial  investigation  would  have  to  be  made  as  at  that 
date,  which  is  out  of  the  question.  Moreover,  the  time  within  the 
period  at  which  the  claims  fall  in  must  not  be  left  out  of  account, 
so  that  altogether  it  would  seem  that  no  satisfactory  test  can  be 
applied  to  the  mortality,  unless  annual  valuations  are  the  rule. 

With  regard  to  the  labour  involved  in  the  use  of  the  suggested 
measure,  seeing  that  for  each  age  the  amount  of  assurances  and  con- 
sequent liability  are  obtained  without  reference  to  it,  the  principal 
additional  trouble  is  the  valuation  of  the  policies  written  off  and  on,  as 
referred  to  above,  for  the  adjusting  and  multiplying  by  the  proba- 
bility of  death  is  no  lengthy  matter.  The  four-figure  logarithm  card 
is  an  invaluable  aid,  and  it  will  probably  be  found  in  most  cases 
that  the  calculations  will  be  sufficiently  accurate  if  made  in  quin- 
quennial groups  of  ages,  with  such  a  value  for  q  as  best  meets  the 
case;  but  after  all,  no  question  as  to  additional  work  should  have 
weight,  if  it  be  acknowledged  that  the  proposed  is  the  true  method 
of  measuring  mortality. 

In  conclusion,  -although  it  has  been  assumed  throughout  that 
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some  value  is  retained  for  every  assurance,  it  may  be  well  to  call 
attention  to  the  fact  that  if  reduction  of  reserve  increases  the  strain 
of  the  claims,  the  pressure  must  be  greater  when  there  is  no  reserve 
at  all,  and  greater  still,  if  not  ruinous,  when  it  is  not  limited  to 
the  full  amount  of  the  sum  assured,  but  a  further  addition  has  to 
be  made  for  anomalies  in  the  valuation. 


Since  writing  these  pages,  I  have  learned  that  a  method  of 
measuring  mortality,  almost  identical  with  that  advocated  in  them, 
has  been  already  adopted  by  Mr.  Hardy,  who  had  himself  the 
intention  of  submitting  a  paper  on  the  subject.  It  is  not  the  first 
time  that  the  same  line  of  thought  has  been  independently  followed 
by  two  different  persons,  but  it  is  to  be  hoped  that  such  a  coin- 
cidence will  not  deprive  the  Institute  of  the  abler  dissertation. 


Discussion. 

The  President  (Mr.  J.  Hill  Williams)  said— This  paper  treats 
of  a  subject  which  is  of  practical  interest  to  us  all.  There  may 
not  be  much  novelty  in  it,  but  it  is  always  interesting  to  see  rules 
that  have  been  more  or  less  applied  by  somewhat  of  a  rule-of-thumb 
method,  correctly  analyzed,  as  they  have  been  here,  and  reduced  to  a 
very  ingenious  form,  showing  how  they  can  be  applied  scientifically. 
The  paper  shows  also  the  great  value  of  the  labours  of  this  Institute, 
especially  in  the  instruction  of  its  younger  members.  I  do  not  think 
we  could  have  a  better  instance  of  that,  than  the  production  of  a  pa2)er 
like  this. 

Mr.  C.  Walford  thought  the  paper  an  acknowledgment  of  the 
principle  of  treating  the  life  fund  as  if  it  were  made  up,  as  indeed  it 
is,  of  the  reserves  of  the  policies  which  are  in  existence  in  the  company. 
That  theory  has  been  developed  to  a  very  large  extent  by  Professor 
Elizur  Wright,  of  Boston,  United  States ;  but  he  has  carried  it  to  an 
extreme  which  appears  dangerous.  At  all  events,  if  it  should  have  a 
tendency  to  interfere  with  the  theory  of  the  reserve  fund  being  the 
property  of  the  collective  body  of  the  policyholders,  then  the  danger 
would  begin.  He  referred  particularly  to  Professor  Wright's  book, 
published  two  or  three  years  ago,  the  "  Politics  and  Mysteries  of  Life 
Insurance."  He  concluded  by  introducing  the  Hon.  Mr.  Washburn, 
of  Boston,  who  has  been  President  of  one  of  the  largest  insurance 
companies  in  the  State  of  Massachusetts. 

Mr.  Macfadyen — The  central  idea  in  this  paper  is  that  the  true 
measure  of  the  death-strain  is  the  difference  between  the  total  sum 
you  may  be  called  on  to  pay,  and  the  reserve  you  have  in  hand  to  meet  it. 
This  idea  is  not  at  all  new.  It  has  occurred  probably  to  most  actuaries, 
and  has  been  applied  by,  at  all  events  one,  Mr.  Hardy,  in  his  office  calcu- 
lations.   A  German  writer  discussing  German  insurance  in  the  Journal 
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of  the  Institute  recently,  also  strongly  insisted  on  this  as  the  true 
measure  of  the  death-strain.  Mr.  Higham's  analysis  seems  to  consider 
that  an  examination  of  mortality  experience  is  yearly  made;  and  in  the 
course  of  the  paper  reference  is  even  made  to  some  companies  taking 
monthly  estimates.  So  far  from  considering  monthly  mortality  esti- 
mates useful,  I  am  prepared  to  go  to  the  length  of  saying  that  in 
most  offices  even  yearly  estimates  are  valueless.  In  any  company  with 
less  than  5000  risks,  the  mortality  experience  of  a  year  is  no  basis  to 
found  anything  practical  upon.  When  thinking  of  true  mortality 
tables,  we  are  too  apt  to  forget  that  it  is  only  in  infinity  that  our 
theory  and  the  facts  will  always  coincide.  It  is  all  very  well  to  talk 
of  an  HM  reserve,  an  HM5  reserve,  a  Carlisle  reserve,  or  any  other.  If 
there  are  few  risks  on  the  books,  one  basis  is  practically  as  near  the 
truth  as  another ;  and  the  one  that  holds  the  most  in  hand,  is  only 
better  than  the  others,  not  because  it  is  more  correct,  but  because  it 
leaves  less  at  the  sport  of  chance.  With  few  risks  the  future  is 
utterly  unknown  from  anything  that  has  happened  in  the  past.  I 
think,  then,  that  in  most  offices,  yearly,  to  say  nothing  of  monthly, 
estimates  of  mortality  are  valueless,  and  that  a  quinquennium  is  as 
short  a  time  as  ought  to  elapse  before  publishing  the  results  of  the 
mortality  experience.  One  other  point  Mr.  Higham  has  not  adverted 
to.  Since  the  amount  at  risk  is  the  difference  between  the  nominal 
amount  at  risk  and  the  reserve,  the  present  method  of  fixing  the 
maximum  insurance  an  office  will  itself  retain,  stands  condemned. 
Instead  of  the  present  hard  and  fast  lines  of  £10,000,  £5,000,  and 
so  on,  acted  on  each  case,  whether  there  be  any  existing  reserve  or 
not ;  the  truer  method  of  arriving  at  such  maximum  insurance  would 
be  to  consider  the  £10,000,  £5,000,  &c,  as  the  utmost  amount  that 
must  be  at  risk  after  the  reserve  is  deducted  from  the  possible  amount 
payable.  As  this  method  of  regarding  maximum  enables  the  com- 
panies to  increase,  without  undue  risk,  the  amount  of  their  holdings 
in  individual  cases,  there  is  reason  to  hope  that  it  may  be  generally 
adopted. 

Mr.  H.  Ambrose  Smith  wished  to  call  attention  to  the  fact  that 
the  paper  applies  only  to  the  practice  of  a  limited  number  of  offices. 
The  great  majority  of  companies  which  make  statements  in  their 
annual  reports  of  their  mortality  as  experienced,  say  that  it  came 
within  their  estimates, — they  will  never  admit  that  it  exceeds  that 
estimate ;  but  they  only  deal  with  the  mortality,  pecuniary  results  not 
being  hinted  at.  There  are,  however,  a  few  offices  which  empirically 
condescend  upon  their  monetary  results  as  well,  and  this  paper  shows 
that  the  subject  can  be  otherwise  than  superficially  handled.  The 
discussion  has  brought  to  my  recollection  an  opinion  offered  many 
years  ago  by  the  late  Mr.  Spens,  who  used  to  lay  down  that,  granted 
an  office  has  formed  a  resolution  to  abide  by  a  certain  maximum,  when 
the  value  of  a  given  policy  has  attained  some  magnitude,  that  maxi- 
mum may  be  ignored  (supposing  the  office  has  a  fund  in  hand),  and 
a  new  policy  issued  for  its  amount  of  the  reserve  without  disturbing 
the  equilibrium  of  the  company. 

Mr.  Justicax  thought  there  was  a  greater  display  of  symbols  in 
Mr.  Higham's  demonstrations  than  was  really  necessary.  For  instance, 
the  relation  that  exists  between  the  value  of  a  policy  at  the  beginning 
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of  the  year,  accumulated  for  one  year,  and  the  value  at  the  end  of 
the  year,  is  very  simply  established. 

Since  n~S r^  +  Pa?=^+»  n+iVx+vgx+n, 
which  is  self-evident,  therefore, 

(nYx  +  Pa;)  (1  +  0  ~Px+n  ■  n+  {Vx  +  Zx+n , 

as  given  in  the  paper.    This  remark  applies  equally  to  the  reversions. 

Mr.  11.  P.  Ha. rdy  mentioned  that  views  like  Mr.  Higham's  had 
been  put  forward  by  Mr.  Sprague  in  his  paper  on  the  limitation  of 
risk*  in  which  the  function  1  — Y  plays  a  prominent  part.  But  this 
paper  goes  further,  and  enables  you  exactly  to  earmark  your  profit, 
so  as  to  see  what  financial  profit  has  been  derived  from  mortality, 
what  from  interest,  and  what  from  margins.  As  Mr.  Walford  had 
remarked,  Mr.  Elizur  Wright  has  carried  to  an  extreme  the  doctrine 
of  the  appropriation  of  reserve  to  individual  policyholders ;  but  in 
this  country  too  we  are  a  little  bitten  by  the  fallacy,  when  we  consent 
to  place  special  deposits  in  the  hands  of  foreign  and  Colonial  govern- 
ments for  the  sole  benefit  of  their  policyholders :  thus  taking  the  money 
out  of  the  common  fund,  and  placing  it  beyond  reach.  Professor 
Wright  describes  two  quantities — one  which  he  calls  "  self-insurance" 
value,  which  we  call  "reserve",  and  the  other  a  very  curious  function 
which  he  calls  "insurance  value  ".  This  latter  will  be  found  described  in 
the  preface  of  the  large  volume  of  3  and  4  per-cent  tables,  17  Offices' 
experience,  published  by  Mr.  Wright.  He  was  very  glad  Mr.  Higham 
had  written  the  paper,  and  that  the  members  of  the  Institute  had  not 
to  wait  till  he  might  himself  have  leisure  to  take  up  the  subject. 

Mr.  W.  Suttois"  objected  to  the  title  of  the  paper.  The  measure 
of  the  death-strain  is  not  the  correct  term  to  use,  but  it  should  be  the 
measure  of  the  strain  by  claims.  Bearing  in  mind  what  Mr.  Ambrose 
Smith  has  mentioned  as  to  the  practice  of  many  offices,  of  simply 
quoting  the  number  of  lives  insured  who  have  died  in  the  year,  in 
contradistinction  to  the  amount  of  claims  which  have  fallen  in  in  the 
year,  the  distinction  is  rather  important.  He  agreed  with  Mr.  Justican 
as  to  the  algebraical  formulas,  and  was  quite  at  a  loss  to  see  why  the 
self-evident  proposition 

had  not  been  made  use  of.  The  true  measure  recommended  in  the 
paper  is  the  sum  which  the  office  would  have  in  hand  over  and  above 
the  amount  required  to  meet  its  liabilities  if  no  claims  had  fallen  in 
in  the  year.    In  other  words,  the  true  measure  proposed  is 

(nYr  +  P*)(l  +  0-»+lV:r, 

that  is,  the  amount  left  in  hand  after  providing  for  the  office's  liabilities 
under  all  its  policies,  none  of  its  policies  having  in  the  course  of  the 
year  become  claims.  There  is  another  formula  which  is  identical  with 
that  used  by  Mr.  Higham,  namely: — 


See  Journal  xiii,  20. 
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which  states  that  the  amount  which  the  office  has  in  hand,  plus  what 
it  will  lose  under  the  contract  in  the  event  of  the  policy  becoming  a 
claim,  are  together  equal  to  the  sum  assured.  The  office  clearly  loses 
the  capitalized  value  of  the  premiums,  and  it  clearly  loses  the  capitalized 
value  of  the  interest  on  the  sum  assured ;  and  those  two  together 

=  (P*  +  d)  (1  +  ar+n)  =  1  -  nYx . 

With  regard  to  the  question  of  priority  of  publication  of  the  method 
under  discussion,  he  would  refer  the  members  to  the  13th  volume  of 
the  Journal  containing  the  examination  papers  for  1863,  and  they 
would  find  that  the  twenty-second  question  for  the  second  year's 
examination  brings  out  very  distinctly  the  method  of  treatment  used 
in  Mr.  Higham's  paper.  The  formula  used  by  Mr.  Higham  for  esti- 
mating the  true  sum  at  risk,  had  been  for  some  years  past  associated 
in  his  (Mr.  Sutton's)  mind  with  Mr.  Hardy's  name,  and  for  the 
following  reason.  In  the  16th  volume  of  the  Journal  (p.  234)  there 
is  a  remarkable  footnote  in  a  paper  by  Mr.  Sprague,  in  reference  to 
the  application  of  formula  1— nYx,  to  denote  the  true  sum  at 
risk,  in  which  he  states  that  an  application  of  this  formula  sug- 
gested by  Mr.  Hardy  appears  to  him  to  place  in  a  new  and  more 
favourable  light,  the  reinsurance  method  advocated  by  the  late  Mr. 
Tucker. 

The  Hon.  Mr.  Washburn — This  whole  question  of  life  insurance  is 
one  which  deeply  interests  the  American  public.  The  amount  of  insur- 
ance there  carried  on  is  enormously  large  and  is  increasing  every  year. 
It  calls  for  constant  legislation  on  the  part  of  the  several  common- 
wealths ;  and  there  is  hardly  a  State  in  the  Union  but  will,  during  these 
present  winter  sessions,  be  considering  in  some  form  or  other  the  ques- 
tions which  this  Institute  is  considering.  All  of  us  who  know  anything 
about  life  insurance,  know  that  many  theories  have  been  propounded;" 
but,  in  America,  we  endeavour  to  reduce  the  matter  to  as  simple 
and  direct  a  question  as  possible,  so  that  the  masses  of  people  who 
need  insurance,  can  have  it  at  the  least  cost,  and  yet  be  satisfied  that  if 
their  money  is  placed  in  our  offices  its  return  will  be  certain.  Refer- 
ence has  been  made  here  to  Mr.  Elizur  Wright,  a  gentleman  whose 
name  is  pretty  well  known  on  this  side  of  the  water,  as  having  given 
great  attention  to  the  theory  of  life  insurance.  He  is  a  man  of  large 
heart  and  generous  impulses,  somewhat  theoretical,  perhaps,  and  some- 
what in  advance  of  most  of  us,  who  throws  out  from  day  to  day 
theories  and  ideas,  which  may  or  may  not  be  practical,  but  which 
deserve  to  be  carefully  considered  and  discussed,  as  they  are,  both 
here  and  in  America.  There  are  probably  in  them  a  great  many 
things  from  which  you  will  dissent,  but  he  is  in  the  main  doing  a 
good  work.  We  Americans  regard  English  life  insurance  institutions 
as  founded  upon  a  rock.  We  believe  that  your  funds  are  invested  so 
that  there  is  no  question  as  to  their  security,  and  that  whatever  you 
have  done  has  been  safely  and  thoroughly  done.  We,  as  younger 
people,  are  more  venturesome.  Perhaps  it  is  our  nature  and  our 
habit;  we  do  not  stay  so  long  as  you  to  consider  a  question,  nor  are 
we  as  critical  or  careful;  but  I  think  we  may  be  of  service  each  to  the 
other.  You  will  find  in  England  the  excessive  caution  peculiar  to  old 
age.    On  the  other  hand,  our  young,  go-ahead  ideas  may  possibly  be 
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of  some  service  to  you.  We  conduct  life  insurance  in  a  way  which, 
perhaps,  would  hardly  be  allowed  here;  the  system  of  canvassing  and 
solicitation  is  carried,  perhaps,  to  an  extent  which  would  hardly  be 
suffered  here,  and  ought  not,  I  think,  to  be  suffered  with  us  to  the 
extent  it  is.  The  course  that  we  have  pursued  of  extensive  pam- 
phleteering, circulars,  &c,  has  had  its  day.  I  think  there  is  less  of 
that  today  than  there  was  a  few  years  ago,  and  there  will  be  less, 
probably,  in  the  future.  We  feel  that  there  is  committed  to  our 
care  a  great  and  sacred  trust — than  which  none  more  sacred  could 
be  committed  to  our  hands — a  trust  for  the  widow  and  the  father- 
less. 

Mr.  C.  D.  Higiiam,  in  reply,  said,  he  did  not  claim  for  the 
paper  the  merit  of  entire  novelty;  but  in  the  effort  to  do  some- 
thing for  the  Institute,  which  had  done  a  great  deal  for  him,  he  did 
not  find  that  anything  had  been  written  in  the  Journal  on  this 
subject,  and  thought  there  could  be  no  harm  in  laying  down  in  black 
and  white'  what  had  hitherto  been  more  or  less  a  matter  of  general 
theory.  He  agreed  with  Mr.  Macfadyen  that  it  would  be  absurd  to 
base  any  conclusions  on  a  month's  experience,  or  even  a  year's,  and  he 
had  intended  to  make  it  clear  that  the  surplus  or  deficiency  spoken  of 
is  for  the  actuary's  information,  and  not  for  the  public's.  He  had 
not  mentioned  the  maximum  of  risk,  because  it  had  been  given  by 
Mr.  Sprague  in  the  13th  volume  of  the  Journal.  He  differed  with 
Mr.  Justican  and  Mr.  Sutton,  and  thought  it  desirable  that  every 
formula  should  be  demonstrated  mathematically  in  spite  of  its  appa- 
rently evident  truth. 


A  Comparison  of  various  Methods  of  Graduation  of  a  Mortality 
Table  considered  in  reference  to  the  Valuation  of  the  Liability 
of  an  Average  Life  Office  under  its  Assurance  Contracts.  By 
William  Sutton,  Actuary  to  the  Registry  of  Friendly 
Societies. 

[Eead  before  the  Institute,  27  February  1877.] 

What  is  the  best  method  to  use  in  the  graduation  of  a  mortality 
table,  although  not  a  new  question,  is  one  which  always  must 
have  a  practical  interest  for  the  profession ;  and  as  the  various 
methods  of  graduation  which  have  been  devised  from  time  to  time 
can  all  boast  of  their  respective  admirers,  the  subject  is  one  which 
cannot  easily  be  disposed  of  at  present.  In  the  following 
paper  it  is  not  proposed  to  open  up  any  discussion  on  the  general 
principles  involved,  nor  is  it  proposed  to  go  into  any  detail  as  to 
how  far  these  general  principles  have  been  carried  out  in  the 
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various  well  known  methods  of  graduation.  The  purpose  of  the 
paper  is  of  a  somewhat  different  nature.  Mortality  tables  have 
little  if  any  value  except  for  their  application  to  those  financial 
matters  into  which  the  duration  of  life  enters  as  an  important 
element ;  and  it  would  therefore  appear  to  be  a  not  unreasonable 
notion  to  institute  a  comparison  between  various  methods  of  gra- 
duation ;  not  to  ascertain  to  what  extent  they  respectively  conform 
to  established  mathematical  principles,  but  to  ascertain  to  what 
extent  they  respectively  affect  that  most  important  question  to 
all  concerned  in  the  business  of  life  assurance,  what  amount 
an  office  should  retain  at  its  periodic  valuation  to  meet  the 
liability  under  its  policies.  This  amount,  as  we  all  know,  will 
vary  considerably  with  the  data  employed,  the  said  data  being 
the  rate  of  interest  and  graduated  mortality  table.  It  is  not 
however  proposed  in  this  paper  to  touch  at  all  upon  the  com- 
parative effect  of  employing  various  rates  of  interest,  nor  is  it 
intended  to  deal  with  the  comparative  effect  of  using  various 
mortality  experiences.  The  rate  of  interest  is  assumed  to  be  the 
same  throughout,  as  also  the  mortality  experience  on  which  the 
mortality  table  is  based,  the  only  variable  element  introduced  being 
the  method  of  adjustment  of  the  mortality  experience  used.  It 
may  perhaps  be  asked,  why  confine  such  an  investigation  to  the 
single  matter  above  stated?  Why  not  carry  it  at  least  another 
stage,  and  extend  it  to  an  investigation  of  the  effect  of  graduation 
upon  the  premiums  ?  but  to  this  there  is  the  one  sufficient  answer, 
that  except  for  purposes  of  limitation,  premiums  are  not  based  on 
this  or  that  mortality  experience,  but  are  practically  fixed  by  that 
most  efficacious  instrument,  competition. 

Part  I. — Calculation  and  Comparison  of  Elementary  Values, 

The  mortality  experience  of  twenty  assurance  offices,  the  pub- 
lication of  which  is  a  lasting  record  of  the  great  services  this 
Institute  has  rendered  to  the  business  of  life  assurance,  seemed  to 
afford  the  best  possible  material  for  the  object  in  view,  and  I  take 
this  the  most  fitting  opportunity  of  stating  that,  in  selecting  this 
mortality  experience,  I  am  not  in  any  way  to  be  considered  as 
implying  that  there  appear  to  me  to  exist  any  grounds  for  being 
dissatisfied  with  Mr.  Woolhouse's  method  of  graduation.  On  the 
contrary,  it  will,  I  think,  be  found  in  the  figures  hereafter  given 
that  if  smoothness  of  progression  combined  with  close  adherence  to 
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the  facts  be  the  points  to  which  to  have  regard  in  the  graduation  of  a 
mortality  table,  then  Mr.  Woolhouse's  method  of  graduation  will  be 
found  to  comply  with  both  these  requirements  in  a  very  remarkable 
manner.  Apart  from  other  self-evident  reasons,  I  may  add  that 
a  great  inducement  to  select  the  Institute  experience  was  the  fact 
that  I  conceived,  as  will  be  seen  hereafter,  that  the  said  experience 
as  published  would  itself  afford  without  difficulty  the  one  thing 
needed  in  making  my  comparisons,  namely  the  means  of  con- 
structing an  office  which  should  fairly  represent  the  position  of  an 
average  office. 

Having  therefore  fixed  upon  a  suitable  mortality  experience, 
the  next  point  to  consider  was  which,  among  the  many  known 
methods  of  graduation — I  use  the  word  known  advisedly — would 
do  best  for  the  purpose,  and  it  will  perhaps  be  sufficient  to  state 
without  further  comment  that  I  selected  the  following  four, 
namely  : — 

1.  The  second  method  laid  down  by  the  late  Mr.  J.  Finlaison 
in  his  Report  on  the  Law  of  Mortality  of  the  Government  Life 
Annuitants,  March,  1829. 

2.  The  method  adopted  by  Mr.  G.  W.  Berridge  in  the  gradua- 
tion of  the  peerage  mortality  experience,  published  by  Messrs.  A. 
H.  Bailey  and  A.  Day. 

3.  A  graduation  by  the  aid  of  the  formula  given  by  Mr.  W.  M. 
Makeham,  as  an  improvement  on  that  of  the  late  Mr.  Gompertz. 

4.  The  method  devised  by  Mr.  W.  S.  B.  Woolhouse  for  the 
graduation  of  the  mortality  experience  of  20  offices,  collected  and 
published  by  the  Institute  of  Actuaries. 

Before  giving  any  figures  in  illustration  of  the  comparative 
effects  of  these  various  methods  of  graduation,  it  will  be  desirable 
to  give  a  short  description  of  each  method. 

The  first  mentioned  was  stated  by  Mr.  John  Finlaison  to  have 
been  used  by  him  in  the  graduation  of  the  mortality  experiences 
on  which  the  Government  Annuity  Tables  were  based;  but  as 
pointed  out  by  Mr.  H.  Ambrose  Smith,  in  vol.  xiii,  p.  58,  of 
the  Journal  of  the  Institute  of  Actuaries,  whatever  method  was 
used  for  the  graduation  of  the  tables  mentioned  by  Mr.  J.  Fin- 
laison, this  as  described  by  him  certainly  was  not. 

Let  1^-2,  Ptf-ij  Yx,  l\r+i,  P*+2j  each  be  found  from  the  for- 
mula 
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where  p'x  denotes  the  probability,  according  to  the  given  mortality 
experience,  of  living  a  year  at  age  x,  then 

adjusted  probability  of  living  a  year  at  age  x 


5//tV  +  4(^/tr_i+;/tr+1)  +  3(p'x_2+p'x+2)  +2(p'x-3+p'x4.3)  +  Q/g-^+j/j^) 

25 

•2O/tr  +  -16(;/r_1+/,+0+^^ 
4-,04(y/l)>_4+/tr+4). 

This  method,  it  will  be  seen,  brings  in  the  unadjusted  pro- 
babilities of  living  for  the  age  x,  and  for  the  four  immediately 
preceding  and  succeeding  ages,  giving  to  each  a  weight  inversely 
proportionate  to  its  distance  from  the  age  under  consideration. 
In  practically  applying  this  formula  the  method  adopted  is  to  sum 
every  five  unadjusted  probabilities  of  living  (or  dying),  and  place 
the  total  opposite  the  middle  age.  This  being  done  throughout, 
every  five  of  these  totals  are  again  summed  as  before,  and  the 
total  divided  by  25,  i.e.  multiplied  by  *04,  is  the  adjusted  pro- 
bability of  living  (or  dying)  at  the  age  opposite  to  which  it  is 
placed.    Thus  — 


Age 

i4 

(*) 

25 

•99486 

26 

•99308 

27 

•99353 

4-96628 

28 

•99217 

4-96316 

29 

•99264 

4-96272 

30 

•99174 

4-96087 

31 
32 

•99264 
•99168 

4-96039 

33 

•99169 

24-81342 


•99251 


The  values  of  px  for  age  93  and  upwards  were  not  obtained  by 
Mr.  Finlaison's  method,  but  are  the  same  as  those  given  by 
Mr.  Woolhouse's  method. 

Mr.  Berridge's  method  of  graduation  is  fully  described  in  a 
short  paper  by  him,  published  in  vol.  xii  of  the  Journal,  page  220. 

The  logarithms  of  the  unadjusted  probabilities  of  living  a  year 
are  added  together  for  every  10  years,  beginning  with  age  20,  up 
to  age  79,  and  then  these  totals  are  redistributed  by  means  of  a 
formula  in  finite  differences,  the  result  being  that  the  sum  of 
every  ten  adjusted  logarithms  agrees  with  the  sum  of  every  ten 
unadjusted  logarithms.    From  ages  80  to  95,  the  sum  of  every  8 
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adjusted  logarithms  was  made  to  agree  with  the  unadjusted,  and,  as 
far  as  possible,  the  method  described  by  Mr.  Berridge  for  joining 
this  part  of  the  table  on  to  the  other  part  was  followed.  The  last 
part  of  the  graduated  table  still  shows  a  break  between  79  and  80; 
but  I  have  no  reason  to  think  I  have  failed  to  apply  correctly  the 
process  sketched  out  by  Mr.  Berridge. 

The  following  are  the  sums  of  every  set  of  unadjusted  and 
adjusted  logarithmic  probabilities  : — 


Ages. 

Unadjusted. 

Adjusted. 

20-29 

997066 

997065 

30-39 

996110 

996110 

40-49 

994676 

994675 

50-59 

990S90 

990891 

60-69 

930825 

980833 

70-79 

956468 

956178 

80-87 

727061 

727063 

88-95 

560353 

560351 

In  applying  Mr.  Makeham's  formula,  lx  —  dgc?sx,  I  have  proceeded 
as  follows.  The  unadjusted  numbers  living  at  ages  20,  40,  60, 
80,  were  taken,  and  a  set  of  constants  deduced  therefrom,  from 
which  a  series  of  adjusted  values  of  log/r  was  obtained.  This 
process  was  repeated  with  the  unadjusted  numbers  living  at 
ages  30,  50,  70,  90,  thus  furnishing  a  second  series  of  adjusted 
values  of  log  lx.  The  two  sets  of  values  were  then  added  together, 
and  the  sum  halved  gave  the  final  values  of  log  lx.  The  effect  of 
this  combination  of  the  two  series  is  as  follows  : — Let  *L  and  2L 
denote  the  adjusted  numbers  living  at  any  given  age  deduced  from 
the  use  of  the  first  and  second  set  of  constants  respectively,  then 

log  (adjusted  number  living)  =  \  (log  lL  +  log  2L) 

=  £log  ^Lx^L) 
that  is,  adjusted  number  living  =  ^Lx2!. 

This  application  of  the  method  does  not  differ  materially  from 
Mr.  Woolhouse's  use  of  it,  the  only  important  distinction  being 
that  whereas  in  the  present  method  the  unadjusted  numbers  living 
are  made  use  of  to  furnish  the  constants,  Mr.  Woolhouse  has 
employed  constants  derived  from  the  numbers  living  as  already 
adjusted  by  his  own  method.  It  is  worth  noting  that  in  giving 
the  adjusted  values  for  the  HMF  Table,  obtained  by  constants 
deduced  from  his  own  adjusted  table,  "for  the  purpose  of  exhibiting 
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how  far  the  formula  may  be  relied  upon  as  a  near  approximation", 
Mr.  Woolhouse  does  not  compare  them  with  his  own  adjusted 
values,  which  in  this  case  would  be  the  unadjusted  values,  but 
with  the  unadjusted  values  from  which  his  own  table  was  deduced. 
My  meaning  will  be  clearer  perhaps  from  the  following  table  : — ■ 

Table  HMF. 


Number  Living. 


Age. 

Unadjusted. 

Differences 

Woolhouse. 

Differences 

Makeham. 

Differences 

between 

between 

between 

(1) 

(2)  and  (1). 

(2) 

(3)  and  (2). 

(3) 

(3)  and  (1). 

20 

9554 

+  7 

9561 

+  18 

9579 

+  25 

25 

9230 

+  10 

9240 

-  4 

9236 

+  6 

30 

8904 

8904 

-17 

8887 

-17 

35 

8535 

+"2 

8537 

-13 

8524 

-11 

40 

8128 

+  5 

8133 

8133 

+  5 

45 

7696 

-  2 

7694 

+  *3 

7697 

+  1 

50 

7183 

-  2 

7181 

+  10 

7191 

+  8 

55 

6586 

-11 

6575 

+  8 

6583 

-  3 

60 

5847 

-10 

5837 

-  4 

5833 

-14 

65 

4914 

4914 

4909 

-  5 

70 

3805 

+19 

3824 

-16 

3808 

+  3 

75 

2571 

+  23 

2594 

+  2 

2596 

+  25 

80 

1411 

+  9 

1420 

+  22 

1442 

+  31 

The  degree  of  approximation  to  the  unadjusted  facts  obtained 
by  the  use  of  Makeham's  formula  for  the  purpose  of  the  present 
paper  is  shown  in  the  following  table  :— 


Table  HM. 


Age. 

Number  Living. 

Unadjusted. 

Difference. 

Makeham's  method, 
as  explained  above. 

20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 

10,000 
9,668 
9,347 
8,970 
8  552 
8104 
7,565 
6,929 
6,134 
5,128 
3,944 
2,649 
1,448 

-"7 
-35 
-25 

-  8 
-14 

-  9 
-22 
-29 
-12 
+  1 
+  19 
+  21 

10;000 
9,661 
9,312 
8.945 
8,544 
8,090 
7,556 
6,907 
6.105 
5,116 
3,945 
2,668 
1,469 

Mr.  Woolhouse's  method  of  graduation  has  been  so  ably 
explained  by  himself  that  no  reference  to  it  is  required  on  the 
present  occasion  beyond  a  very  few  words.    For  a  most  clear  and 
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comprehensive  account  of  the  rationale  of  his  process,  I  have  only 
to  refer  to  vol.  xv,  pp.  390  and  391.  A  full  account  will  also  be 
found  in  the  Institute  of  Actuaries'  Life  Tables.  Put  in  a  form 
somewhat  similar  to  that  given  above  for  Mr.  Finlaison's  formula, 
the  resulting  formula  is 

adjusted  number  living  at  age  A"  =  ,20/^-j-,192(//x_i-f  V X4-i)  +  *168(/V-2-W 

+  -056  (f  r_3  +        +  -024(/^_4  + 

~-oi6(rr_6-i-/,,+6)--o24(r,_7+rr+ 

It  was  originally  proposed  to  take  as  another  method  of 
graduation  for  the  purpose  of  this  paper  that  employed  by  the 
late  Mr.  Griffith  Pavies  in  the  graduation  of  the  Equitable  expe- 
rience, and  which  is  explained  at  some  length  in  his  Treatise  on 
Annuities.  It  was  found,  however,  on  a  close  examination  of  the 
method  in  question,  that  in  its  practical  application  it  requires  to 
be  dealt  with  more  or  less  arbitrarily;  and  this  was  in  itself 
considered  sufficient  to  render  it  unsuitable  for  the  present  purpose. 
From  the  facts  he  had  to  deal  with  being  in  a  peculiar  form, 
Mr.  Davies  was  obliged  to  have  recourse  to  a  very  ingenious 
method  of  deducing  the  number  living  at  certain  ages,  and  then 
by  a  method  of  interpolation  to  obtain  the  numbers  living  at  the 
intervening  ages.  It  may  be  of  interest  to  state  that  the  same 
method  of  deducing  the  numbers  living  at  certain  ages,  when 
applied  to  the  Institute  experience,  Healthy  Males,  brought  out 
the  following  results,  showing  clearly  that  in  this  respect,  at  any 
rate,  Mr.  Davies's  process  is  a  very  good  approximation  : — 


Ages, 

Unadjusted. 

G.  Davies's 
Approximation. 

20 

9616 

9615 

30 

8987 

8985 

40 

8223 

8223 

50 

7274 

7276 

60 

5898 

5890 

70 

3793 

3779 

80 

1392 

1401 

85 

541 

543 

90 

150 

145 

The  following  table  gives  the  numbers  living  at  ages  from  20 
upwards,  for  the  unadjusted  results  of  the  Institute  Healthy 
Males,  and  the  corresponding  numbers  living,  as  adjusted  by  means 
of  the  various  methods  above  described,  and  for  the  purpose  of 
comparison,  the  corresponding  numbers  living  arc  also  given  for 
the  Carlisle  and  17  Offices  tables. 
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Table  I. — Number  Living  at  Age  x. 


l 

2 

5 

6 

7 

Age 

X. 

20  Offices' 
Experience 

HM 

unadj  usted. 

Col.  1, adjusted  Col.  1  ,ad justed 

by  Mr.           by  Mr. 
Woolhouse'H  Berridge's 
method.  method. 

Col. 1, adjusted 
by  Mr. 
Finlaison's 
method. 

Col.l, ad  justed 
by  Mr. 
Makeham's 
method. 

17  Offices'- 
Experience. 

Carlisle. 

Ago 
X. 

20 

100000 

^ aaaaa 
1UUUUU 

100000 

100000 

100000 

100000 

100000 

20 

1 

99 124 

99447 

99389 

99325 

99270 

99294 

1 

2 

98728 

yooyy 

98864 

98744 

98651 

98537 

98604 

2 

3 

98112 

9o2ob 

98091 

97974 

97803 

97915 

3 

4 

97353 

y  /oou 

9/623 

97438 

97293 

97062 

97225 

4 

5 

96685 

yb/14 

969/1 

96792 

96610 

96319 

96535 

5 

6 

96188 

you/o 

A  /t>  Arv 

yb^yy 

96150 

95922 

95570 

95829 

6 

7 

95521 

yo4ou 

9obll 

95497 

95231 

94816 

95123 

7 

8 

91903 

Q  1  QCQ 

A  ~  A  AO 

94833 

94515 

94057 

94384 

8 

9 

94161 

y4uyi& 

A  \  1  AO 

941  y  3 

94150 

93832 

93291 

93563 

9 

30 

93467 

OQQQ9 

yooy^ 

AO  AO" 

934bo 

93448 

93124 

92521 

92644 

30 

1 

92696 

y^o/ 1 

92724 

92408 

91740 

91708 

1 

2 

92013 

yiyo/ 

A1  ClH  f 

yiy/5 

91990 

91683 

90954 

90772 

2 

3 

91247 

Q1  1  G9 

yi2i2 

91243 

90949 

90157 

89852 

3 

4 

90490 

yU'io  / 

Arv  i  0  0 

y04oo 

90486 

90205 

89353 

88951 

4 

5 

89704 

oybbo 

o9bo2 

89714 

89448 

88542 

88046 

5 

6 

88965 

QQQQ1 

88924 

88677 

87718 

87143 

6 

7 

88178 

ooU/ 1 

OOAIA 

oo040 

88111 

87892 

86886 

86223 

7 

8 

87335 

C79QU 

O/ZlD 

87277 

87094 

86046 

85287 

8 

9 

86 137 

obooo 

obo7o 

86421 

86276 

85192 

84335 

9 

40 

85518 

O0014 

85550 

85438 

84349 

83333 

40 

1 

84674 

Q  1  f!QQ 

o-*boo 

O  A  C*  1  O 

o4b43 

84668 

84582 

83456 

82250 

1 

2 

83788 

oo  /  4o 

o3/49 

83772 

83701 

82570 

81100 

2 

3 

82890 

Q9Q/1/2 

o^o<±b 

o2oo4 

82863 

82796 

81671 

79951 

3 

4 

82013 

Q1  Q9/1 

oiyz4< 

01097 

81931 

81863 

80751 

78785 

4 

5 

81044 

ouy /o 

OAAQ  /I 

o09*i4 

80969 

80902 

79807 

77619 

5 

6 

80042 

hQQAA 

/yyyu 

/yy43 

79970 

79908 

78833 

76470 

6 

7 

79041 

/oyoo 

7oy22 

78931 

78881 

77820 

75337 

7 

8 

77922 

7/o/o 

HHo  f*a 

77868 

77843 

77816 

76768 

74236 

8 

9 

76833 

hf?7^A 

ha~:HC\ 

7b/7y 

76711 

76711 

75675 

73202 

9 

50 

75652 

70091 

75b49 

75539 

75563 

74535 

72200 

50 

1 

74403 

h  4  OOQ 

74ooo 

H  A  A  HH 
74477 

74329 

74370 

73347 

71232 

1 

2 

73107 

hoi  o  e 
/oloO 

H  c>  n  "  h 

732o7 

73075 

73131 

72107 

70213 

2 

3 

71862 

/lo52 

71988 

71779 

71834 

70813 

69146 

3 

4 

70627 

70O1O 

70663 

70432 

70484 

69461 

68029 

4 

5 

69288 

byu4 

69279 

69024 

69075 

68050 

66880 

5 

6 

67697 

b7b/0 

67833 

67552 

67605 

66575 

656S1 

6 

7 

66133 

bbloO 

66319 

66016 

66069 

65035 

64434 

7 

8 

6 1554 

b4ob4 

64734 

64414 

64466 

63431 

63087 

8 

9 

62932 

^nr>AA 

62909 

63074 

62739 

62793 

61758 

61560 

9 

60 

61337 

/>1  "I  HH 

611/7 

61335 

60990 

\J     xj  \j  \j 

61045 

60012 

59819 

60 

1 

59426 

59361 

59516 

59156 

59224 

58192 

57816 

1 

2 

57494 

57459 

57612 

57235 

57324 

56295 

KJ  y-7  jimJ  kj  tJ 

55747 

2 

3 

55504 

55469 

55624 

55228 

55349 

54318 

53662 

3 

4 

53429 

53390 

53550 

53141 

53294 

52262 

51597 

4 

5 

51283 

51232 

51391 

50977 

51162 

50128 

49557 

5 

6 

49018 

49007 

49150 

48737 

48954 

47918 

47520 

6 

7 

46756 

46725 

46828 

46441 

46675 

45637 

45396 

J.  KJ  *-J  \J  \J 

7 

8 

44465 

44394 

44432 

44102 

44326 

43288 

43481 

8 

9 

42006 

42030 

41970 

41710 

41915 

40880 

41461 

9 

70 

39443 

39620 

39449 

39275 

39448 

38424 

39425 

70 

1 

37233 

37156 

3  68  S3 

36784 

36937 

35929 

37389 

1 

2 

34918 

34628 

34283 

34227 

34391 

33408 

35189 

2 

3 

32134 

32033 

31666 

31600 

31823 

30875 

32791 

3 

4 

;  29601 

29379 

29049 

28948 

29218 

28347 

30230 

4 

5 

26186 

26699 

26451 

26287 

2668  4 

25839 

27504 

5 

6 

23987 

21073 

23893 

23674 

24.148 

23370 

24877 

6 
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Table  I. — continued. 


:i 

2 

3 

4 

5 

6 

7 

Age 

X 

20  Offices' 
Experience, 

HM 

unadjusted. 

Col.l, adjusted 

by  Mr. 
"Woo'house's 
method. 

Col.l, adjusted 
by  Mr. 
Berridge's 
method. 

Col.l.  ad  justed 
by  Mr. 
Finlaison's 
method. 

Col.l, adjusted 
by  Mr. 
Makeham's 
method. 

17  Offices' 
Experience. 

Carlisle. 

Age 

X. 

77 

21432 

21512 

21396 

21137 

21661 

20959 

22315 

77 

8 

19101 

19045 

18981 

18700 

19242 

18623 

19918 

8 

9 

16756 

16699 

16670 

16366 

16912 

16379 

17750 

9 

80 

14476 

14477 

14482 

14141 

14693 

14249 

15649 

80 

1 

12439 

12383 

12460 

12053 

12604 

12248 

13744 

1 

2 

10451 

10426 

10614 

10120 

10662 

10394 

11905 

2 

3 

8650 

8639 

8937 

8365 

8883 

8697 

10230 

3 

4 

6861 

7034 

7414 

6812 

7279 

7168 

8686 

4 

5 

5626 

5635 

6032 

5466 

5856 

5805 

7307 

5 

6 

4410 

4452 

4784 

4327 

4618 

4616 

6026 

6 

7 

3452 

3474 

3671 

3390 

3563 

3590 

4860 

7 

8 

2700 

2671 

2701 

2623 

2684 

2728 

3810 

8 

9 

1932 

2032 

1886 

1984 

1970 

1999 

2972 

9 

90 

1563 

1517 

1235 

1443 

1404 

1414 

2332 

90 

1 

1204 

1093 

748 

1018 

970 

956 

1724 

1 

o 
Z 

827 

751 

413 

696 

648 

611 

1232 

2 

3 

455 

487 

205 

443 

417 

363 

887 

3 

4 

152 

285 

90 

259 

257 

197 

657 

4 

5 

152 

140 

34 

127 

152 

95 

493 

5 

6 

108 

51 

11 

46 

85 

40 

378 

6 

7 

9 

8 

14 

4 

296 
230 

7 
8 

The  next  step  was  to  compute  the  values  of  aX)  Ax,  and  Vx, 
relating  to  each  table,  and  these  are  given  in  Tables  II,  III,  and 
IV,  at  3  per-cent  interest. 

Table  II. — Annuity  Values  at  3  per-cent  Interest  (ax). 


Age 

X. 

l 

20  Offices'  HM, 
unadj  usted. 

2 

20  Offices'  HM, 
Mr. 
Woolhouse's 
adjustment. 

3 

20  Offices'  HM, 
Mr. 
Berridge's 
adjustment. 

4 

20  Offices'  HM, 
Mr. 
Finlaison's 
adjustment. 

5 

20  Offices'  HM> 
Mr. 
Makeham's 
adjustment. 

t> 

17  Offices. 

7 

Carlisle. 

Age 

X. 

20 

22-056 

22-013 

22-061 

22-029 

22-013 

21-797 

21-694 

20 

1 

21-851 

21-848 

21-850 

21830 

21-827 

21-616 

21-504 

1 

2 

21-665 

21-656 

21-638 

21-631 

21-636 

21-430 

21-304 

2 

3 

21-456 

21-460 

21-425 

21-429 

21-439 

21-239 

21-098 

3 

4 

21-269 

21-254 

21-211 

21-219 

21-236 

21-043 

20-885 

4 

5 

21-060 

21-038 

20-995 

21-002 

21-028 

20-842 

20-665 

5 

6 

20-804 

20814 

20-775 

20776 

20-814 

20635 

20-112 

6 

7 

20-578 

20-582 

20-552 

20-546 

20-593 

20-423 

20-212 

7 

8 

20-333 

20-347 

£0*32 1 

20310 

20-372 

20-205 

19-981 

8 

9 

20-108 

20-109 

20094 

20-072 

20-136 

19-982 

19-761 

9 

30 

19-865 

19-837 

19-858 

19-829 

19-898 

19754 

19-556 

30 

1 

19631 

19-623 

19-617 

19-584 

19-654 

19-519 

19-348 

1 

2 

19-370 

19-373 

19-370 

19-332 

19-404 

19-279 

19134 

2 

3 

19-119 

19-117 

19-119 

19-075 

19-147 

19-032 

18-910 

3 

4 

18-857 

18-855 

18-860 

18-812 

18-884 

18-780 

18-675 

4 

5 

18-593 

18-587 

18-596 

18-542 

18615 

18-521 

18-433 

5 

6 

18-310 

18-314 

18-327 

18-269 

18-340 

18-2  >;» 

18  L83 

6 

7 

18-028 

18-037 

18-051 

17*990 

18-059 

17-D83  . 

17-928 

7 

8 

17-747 

17-756 

17-768 

17-707 

17771 

17-703 

17-6(59 

8 

9 

3  7-470 

17-4(59 

17  479 

17419 

17-478 

17117 

17-405 

9 

40 

17  187 

17176 

17184 

17124 

17179 

17-12.S 

17-143 

40 

1 

16-880 

16876 

16-883 

16-821 

16-873 

16-821 

16890 

1 
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Table  II. — continued. 


l 

1 

2 

3  i 

j  1 
4 

5 

6 

7 

Age 

2)  Offices'  H>i, 
unadjusted. 

20  Offices'  HM, 

Mr. 
Woolhouse's 
ad  j  ustnient. 

20  Offices'  HM, 
Mr. 
Berridge's 

*XUJ  11  bi  llll  111 

20  Offices'  HM, 
Mr. 
Finlaison's 
adjustment. 

w\    / \ &2  ^       »  TTM 

20  Offices  Hi- 
Mr. 
Makeham's 
a.dj  ustnient. 

C/iirlislc. 

Age 

42 

16-570 

16566 

16-574 

16-511 

16563 

16-512 

16-610 

42 

3 

16-252 

16-248 

16-260 

16*193 

16-246 

16-195 

16-389 

3 

4 

15-918 

15921 

15940 

15-869 

15-924 

15-870 

16-130 

4 

5 

15-592 

15594 

15-613 

15-539 

15-597 

15-540 

15-863 

5 

6 

15-261 

15-260 

15281 

15205 

15264 

15-204 

15-585 

6 

7 

14-918 

14923 

14-943 

14-868 

14-927 

14-864 

15-294 

7 

8 

14-586 

14585 

14-600 

14528 

14-585 

14-519 

14-986 

8 

9 

14-238 

14-242 

14-251 

14-184 

14-239 

14171 

14-654 

9 

50 

13-892 

13-896 

13-898 

13-836 

13-889 

13-820 

14-303 

50 

1 

13-550 

13-545 

13-540 

13-483 

13-535 

13-465 

13-932 

1 

2 

13  204 

13-188 

13-178 

13-126 

13-178 

13-107 

13-558 

2 

3 

12-835 

12-826 

12-813 

12-764 

12-818 

12747 

13-180 

3 

4 

12451 

12-462 

12-445 

12-399 

12-456 

12-385 

12-798 

4 

5 

12072 

12-094 

12074 

12031 

12091 

12021 

12-408 

5 

6 

11-727 

11-724 

11-701 

11-662 

11-724 

11-656 

12014 

6 

7 

11-365 

11-353 

31-328 

11-291 

11-356 

11-290 

11-614 

7 

8 

10992 

10-981 

10-953 

10-919 

10-989 

10-923 

11-218 

8 

9 

10614 

10-608 

10  579 

10-547 

10-620 

10-555 

10-841 

9 

60 

10216 

10-236 

10205 

10-175 

10-252 

10-188 

10-491 

60 

1 

9  861 

9-866 

9'832 

9-805 

9-883 

9-822 

10-180 

1 

2 

9-498 

9-498 

9-462 

9-438 

9-517 

9-457 

9-875 

2 

3 

9-134 

9134 

9094 

9075 

9153 

9-096 

9-567 

3 

4 

8773 

8-774 

8  730 

8-714 

8  791 

8-737 

9-246 

4 

5 

8-415 

8-418 

8-369 

8-357 

8-432 

8-382 

8-917 

5 

6 

8-062 

8-064 

8014 

8-003 

8076 

8-032 

8-578 

6 

7 

7-711 

7712 

7663 

7-650 

7-725 

7-686 

8-228 

7 

8 

7*351 

7-36J 

7-319 

7-298 

7-378 

7-347 

7-869 

8 

9 

7015 

7-007 

6-981 

6-948 

7-037 

7013 

7-499 

9 

70 

6695 

6657 

6-649 

6-600 

6-701 

6685 

7123 

70 

1 

6-305 

6-311 

6-325 

6-258 

6-371 

6-364 

6-737 

1 

2 

5-925 

5975 

6-009 

5-928 

6-048 

6-049 

6373 

2 

3 

5632 

5-653 

5-701 

5613 

5-733 

5-742 

6-044 

3 

4 

5296 

5-348 

5-401 

5-311 

5-424 

5-441 

5-752 

4 

5 

5097 

5-061 

5109 

5-024 

5-124 

5-148 

5-512 

5 

6 

4-797 

4-782 

4-826 

4-746 

4-832 

4-863 

5-277 

6 

7 

4-530 

4-512 

4-551 

4-475 

4-548 

4-585 

5-059 

7 

8 

4235 

4  249 

4-281 

4210 

4-274 

4-315 

4-838 

8 

9 

3973 

3-992 

4021 

3-955 

4-008 

4-053 

4-592 

9 

80 

3-737 

3-742 

3-771 

3-714 

3-752 

3-799 

4-365 

80 

1 

3-479 

3-507 

3*515 

3-488 

3-505 

3-553 

4-119 

1 

2 

3-265 

3-290 

3-250 

3-279 

3-268 

3-312 

3-898 

2 

3 

3-063 

3-089 

2-975 

3-086 

3-040 

3-077 

3-672 

3 

4 

2-978 

2-903 

2  694 

2-903 

2-822 

2-846 

3-454 

4 

5 

2740 

2-739 

2-411 

2-727 

2613 

2617 

3229 

5 

6 

2601 

2-570 

2131 

2  548 

2-412 

2-391 

3-033 

6 

7 

2  423 

2393 

1861 

2-350 

2-220 

2  167 

2-873 

7 

8 

2191 

2-206 

1-605 

2-128 

2-036 

1-946 

2776 

8 

9 

2152 

1-987 

1-368 

1-897 

1-858 

1-728 

2-665 

9 

90 

1-741 

1-740 

1-151 

1-687 

1-684 

1-516 

2-499 

90 

1 

1-329 

1-487 

•957 

1-462 

1-510 

1-309 

2-481 

1 

o 
£t 

991 

1  Zlv 

Vol 

1  .OA" 

1  ZOo 

i  .oon 
1  oZ\) 

1109 

2577 

2 

3 

•856 

•951 

•628 

•951 

1129 

•921 

2-687 

3 

4 

1-644 

•677 

•481 

•677 

•884 

•748 

2-736 

5 

5 

•693 

•415 

•311 

•415 

•545 

•592 

2-757 

5 

6 

•178 

... 

•178 

•468 
•371 

2-704 
2-559 

6 
7 

i 

•243 

8 
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Table  III. —  Value  ofl  payable  at  Death,  3  per-cent  Interest  (Ar). 


i 

2 

3 

4 

5 

6 

7 

Age 

X. 

20  Offices'  HM, 

20  Offices'  HM, 

20  Offices'  HM '20  Offices'  HM, 

Age 

X. 

20  Offices'  HM, 
unadjusted. 

Mr. 
Woolhouse's 

Mr. 
Berridge's 

Mr. 
Finlaison's 

Mr. 
Makeham's 

"1*7  nffi^ao 

j./  unices. 

Carlisle. 



adjustment* 

GvUJ  U.OI/111C1A.I/. 

adjustment. 

adjustment. 

20 

•32847 

•32886 

♦32832 

•32925 

•32972 

•33600 

•33901 

20 

1 

•33444 

•33451 

•33448 

•33506 

•33514 

•34128 

•34455 

1 

2 

•33985 

•34011 

•34066 

•34083 

•34070 

•34669 

•35037 

2 

3 

•34595 

•34581 

•34685 

•34674 

•34644 

•35226 

•35637 

3 

4 

•35139 

•35183 

•35308 

•35284 

•35235 

•35797 

•36252 

4 

5 

•35748 

•35812 

•35938 

•35917 

•35841 

•36383 

•36898 

5 

6 

•36493 

•36465 

•36578 

•36574 

•31464 

•36985 

•37548 

6 

7 

•37152 

•37139 

•37229 

•37245 

•37108 

•37603 

•38218 

7 

8 

•37865 

•37824 

•37887 

•37931 

•37751 

fJ  4  4  t/JL 

•38236 

•38890 

8 

9 

•38521 

•38518 

•38562 

•38626 

•38439 

•38886 

•39531 

9 

30 

•39228 

•39221 

•39249 

•39333 

•39132 

.39552 

•40129 . 

30 

1 

•39910 

•39934 

•39953 

•40048 

•39842 

•40235 

•40734 

1 

2 

•40670 

•40662 

•40671 

•40781 

•40571 

•40936 

•41357 

2 

3 

•41401 

•41407 

•41402 

•41530 

•41320 

•41654 

•42010 

3 

4 

•42164 

•42170 

•42154 

•42297 

•42  85 

•42389 

•42694 

4 

5 

•42933 

•42950 

•42924 

•43080 

•42868 

•43144 

•43399 

5 

6 

•43757 

•43745 

•43710 

•43878 

•43670 

•43917 

•44117 

6 

7 

•44579 

•44553 

•44512 

•44689 

•44489 

•44710 

•44870 

7 

8 

•45397 

•45372 

•45336 

•45514 

•45327 

•45524 

•45624 

8 

9 

•46204 

•46207 

•46178 

•46353 

•46181 

•46358 

•46393 

9 

40 

•47029 

•47060 

•47037 

•47212 

•47052 

•47214 

•47156 

40 

1 

•47922 

•47935 

•47915 

•48093 

•47942 

•48093 

•47893 

1 

2 

•48325 

•48836 

•48814 

•48996 

•48845 

•48995 

•48621 

2 

3 

•49751 

•49762 

•49729 

•49922 

•49769 

•49919 

•49352 

3 

4 

•50725 

•50707 

•50661 

•50868 

•50706 

•50863 

•50108 

4 

5 

•51674 

•51669 

•51612 

•51828 

•51660 

•51826 

•50885 

5 

6 

•52638 

•52642 

•52580 

•52801 

•52629 

ZJ  itaJ  \J  %J 

•52804 

•51694 

6 

7 

•53637 

•53621 

•53566 

•53784 

•53611 

•53795 

•52542 

7 

8 

•54604 

•54608 

•54565 

•54774 

•54606 

•54798 

•53439 

8 

9 

•55618 

•55605 

•55581 

•55774 

•55615 

•55812 

•54406 

9 

50 

•56625 

•56613 

•56610 

•56787 

•56634 

•56836 

•55429 

50 

1 

•57621 

•57635 

•57650 

•57815 

•57665 

•57870 

•56509 

1 

2 

•58629 

•58676 

•58705 

•588">6 

•58705 

•58912 

•57598 

2 

3 

•59703 

•59729 

•59769 

•5991 0 

•59754 

•59960 

•58699 

3 

4 

•60822 

•60792 

•60840 

•60975 

•60808 

•61015 

•59812 

4 

5 

•61926 

•61863 

•61920 

•69046 

•61 871 

•62075 

•60948 

5 

6 

•62931 

•62939 

•63006 

•63121 

•62939 

•63139 

•62096 

6 

7 

•63985 

•64020 

•64095 

•64200 

•6401 2 

•64205 

•63260 

7 

8 

•65072 

•65103 

•65186 

•65284 

•65081 

•65274 

•64413 

8 

9 

•66172 

•66190 

•66275 

•66368 

•661  55 

•66344 

•65512 

9 

60 

•67333 

•67274 

•67365 

•67452 

•67227 

•67414 

•66531 

60 

1 

•68366 

•68353 

•68449 

•68529 

•68302 

•68480 

•67436 

1 

2 

•69424 

•69424 

•69528 

•69597 

Woo  l 

•69368 

•69541 

•68325 

2 

3 

•70483 

•70484 

•70599 

•70656 

•70428 

•70595 

•69222 

3 

4 

•71535 

•71532 

•71661 

•71  707 

/  1  4\J  i 

•71 482 

•71640 

•70157 

4 

5 

•72577 

•72569 

•72711 

•79,7/18 

•72598 

•72673 

•71112 

5 

6 

•73606 

•73600 

•73747 

•73778 

•73566 

•73694 

•72103 

6 

7 

•74628 

•74626 

•74768 

•74805 

•74597 

•71700 

•73122 

7 

8 

•75677 

•75650 

•75771 

•75832 

•75598 

•75689 

•74168 

8 

Q 

YODOO 

1  ()b/o 

YDYOb 

•76851 

•76592 

•  ^7c:o  i ex 
t  DL  I  D 

o 

V 

70 

•77587 

•77700 

•77720 

•77865 

•77570 

•77617 

•763  10 

70 

1 

•78723 

•78706 

•78664 

•78860 

•78531 

•7S553 

•77465 

1 

2 

•79830 

•79685 

•79585 

•79823 

•79472 

•79469 

•78525 

2 

3 

•80683 

•80623 

•80182 

•80739 

•80389 

•80364 

•791  S3 

3 

4 

•81663 

•81510 

•81357 

•81619 

SI  289 

•81239 

•80331 

5 

•82242 

•82345 

•82206 

•82155 

•82163 

•82092 

•81033 

5 

1877.]  Graduation  of  a  Mortality  Table.  181 


Table  III. — continued. 


Age 

X. 

20  Offices'  II M, 
unadjusted. 

■ 

20  Offices'  HM 
Mr. 
Woolliouse's 
adj  ustment. 

3 

20  Offices'  HM, 
Mr. 
Berridge's 
adjustment. 

4 

20  Offices'  HM, 
Mr. 
Finlaison's 
adjustment. 

5 

20  Offices'  II m, 
Mr. 
Makeham's 
adjustment. 

6 

17  Offices. 

7 

Carlisle. 

Age 
x. 

76 

•83116 

•83160 

•83031 

•83265 

•83013 

•82923 

•81717 

76 

7 

•83893 

•839  [6 

•83832 

•84054 

•83841 

•83732 

•82352 

7 

8 

•81752 

•84711 

•84610 

•84826 

•84638 

•84518 

•82996 

8 

9 

'85515 

•85461 

•85366 

•85569 

•85414 

•85281 

•83713 

9 

80 

•86203 

•86187 

•86103 

•86269 

•86159 

•86021 

•84374 

80 

1 

'86955 

•86874 

•86850 

•86928 

•86878 

•86740 

•85090 

1 

2 

•87577 

•87506 

•87622 

•87537 

•87569 

•87440 

•85734 

2 

3 

•88166 

•88090 

•88421 

•88099 

•88233 

•88126 

•86392 

3 

4 

•88414 

•88617 

•89240 

•88632 

•88868 

•88799 

•87027 

4 

5 

•89107 

•89110 

•90065 

•89145 

•89476 

•89465 

•87682 

5 

6 

'89512 

•89601 

•908S0 

■89667 

•90062 

•90123 

•88253 

6 

7 

•90030 

•90118 

•91668 

•90244 

•90621 

•90774 

•88719 

7 

8 

•90706 

•90663 

•92113 

•90890 

•91158 

•91419 

•89002 

8 

9 

•90S19 

•91301 

•93104 

•91562 

•91676 

•92053 

•89325 

9 

90 

•92016 

•92020 

•93734 

•92173 

•92182 

•92673 

•89809 

90 

1 

•92756 

•94300 

•92829 

•92689 

•93276 

•89861 

1 

o 

£i 

•  QQ -.AO 

•QQ 

.QOOI  tj 

\jOLiV  ( 

VOOO  / 

2 

3 

•94317 

•95257 

•91317 

•93799 

•94405 

•89261 

3 

4 

•95116 

•95686 

•95116 

•91512 

•91910 

•89118 

4 

5 

•95878 

•96182 

•95878 

•95500 

•95362 

•89057 

o 

6 

•96568 

•97087 

•96568 

•95726 

•89212 

6 

7 

•97087 

•97087 

•96005 

•89633 

7 

•96382 

8 

Table  IV. — Annual  Premiums  throughout  Life  to  assure  1. 
Interest  at  3  per-cent  (P*). 


l 

» 

!  3 

4 

1  • 

6 

7 

Age 
X. 

20  Offices*  HM, 
unadjusted. 

20  Offices'  HM, 

Mr. 
Woolliouse's 
adjustment. 

20  Offices'  HM, 
Mr. 
Berridge's 
adjustment. 

20  Offices'  HM, 
Mr. 
Finlaison's 
adjustment. 

20  Offices'  Hm, 
1  Mr. 
1  Makeham's 
adjustment. 

17  Offices. 

Carlisle. 

Age 

X. 

20 

•01425 

•01427 

•01423 

•01430 

01432 

•01473 

•01494 

20 

1 

•01464 

•01464 

•01463 

•01468 

•01469 

•01508 

•01531 

1 

2 

•01500 

•01501 

•01501 

•01506 

•01505 

•01545 

•01571 

2 

3 

•01541 

•01540 

•01546 

•01546 

•01544 

•01583 

•01613 

3 

4 

•01578 

•01581 

•01589 

•01588 

•01585 

•01624 

•01657 

4 

5 

•01621 

•01625 

•01634 

•01633 

•01627 

•01665 

•01703 

5 

6 

•01674 

•01672 

•01679 

•01680 

•01672 

•01709 

•01751 

6 

7 

•01721 

•01721 

•01727 

•01729 

•01718 

•01755 

•01802 

7 

8 

•01775 

•01772 

•01776 

•01780 

•01767 

•01803 

•01853 

8 

9 

•01825 

•01825 

•01828 

•01833 

•01819 

•01853 

•01904 

9 

30 

•01880 

•01880 

•01881 

•01888 

•01872 

•01905 

•01952 

30 

1 

•01935 

•01936 

•01938 

•01916 

•01929 

•01960 

•02002 

1 

2 

•01997 

•01996 

•01996 

•02006 

•01988 

•02018 

•02054 

2 

3 

•02058 

•02058 

•02058 

•02069 

•02052 

•02079 

•02110 

3 

4 

•02123 

•02124 

•02122 

•02135 

•02117 

•02143 

•02170 

4 

5 

•02191 

•02193 

•02190 

•02205 

•02185 

•02210 

•02233 

5 

6 

•02266 

•02265 

•02261 

•02277 

•02258 

•02280 

•02300 

6 

7 

•02343 

•02340 

•02336 

•02353 

•02334 

•02355 

•02371 

7 

8 

•02422 

•02419 

•02415 

•02433 

•02415 

•02434 

•02444 

8 

9 

•02502 

•02502 

•02499 

•02517 

•02500 

•02517 

•0252L 

9 

40 

•02586 

•02589 

•02586 

•02605 

•02588 

•02605 

•02599 

40 

1 

•02680 

•02682 

•02679 

•02699 

•026S2 

•02698 

•02677 

1 

2 

•02779 

•02780 

•02777 

•02798 

•02781 

•02797 

•02757 

2 
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Table  IV. — continued. 


i 

2 

3 

4 

5 

6 

7 

Age 

X. 

20  Offices'  HM, 

20  Offices'  II m 

20  Offices'  HM 

20  Offices'  HM, 

Age 

X. 

20  Offices'  HM, 
unadjusted. 

Mr. 
Woolhouse's 
adjustment. 

Mr. 
Berridge's 
adjustment. 

Mr. 

Finlaison's 
adjustment. 

Mr. 
Makeham's 
adjustment. 

17  Offices. 

Carlisle. 

43 

•0288 1 

•02885 

•02881 

•02904 

•02886 

•02903 

•02838 

43 

4 

•02999 

•02996 

•02990 

•03016 

•02997 

•03014 

•02925 

4 

5 

•03114 

•03114 

•03106 

•03134 

•03112 

•03133 

•03018 

5 

6 

•03238 

•03238 

•03229 

•03258 

•03236 

•03258 

•03117 

6 

7 

•03370 

•03367 

•03360 

•03390 

•03366 

•03391 

•03225 

7 

8 

•03504 

•03504 

•03488 

•03528 

•03504 

•03530 

•03343 

8 

9 

•03650 

•03648 

•03644 

•03673 

•03649 

•03678 

•03476 

9 

50 

•03802 

•03801 

•03800 

•03828 

•03803 

•03835 

•03622 

50 

1 

•03960 

•03963 

•03965 

•03992 

•03967 

•04000 

•03785 

1 

2 

•04128 

•04136 

•04140 

•04166 

•04141 

•04176 

•03957 

2 

3 

•04316 

'04320 

•04327 

•04353 

•04325 

•04361 

•04140 

3 

4 

•04521 

•04516 

•04525 

•04551 

•04518 

•04558 

•04335 

4 

5 

•01738 

•04725 

•04736 

•04761 

•04726 

•04767 

•04545 

5 

6 

•04945 

•04946 

•04960 

•04985 

•04947 

•04988 

•04771 

6 

7 

•05175 

'05182 

•05199 

•05223 

•05181 

•05221 

•05015 

7 

8 

•05427 

•05434 

•05453 

•05477 

•05429 

•05474 

•05272 

8 

9 

•05698 

•05702 

•05723 

•05748 

•05693 

•05741 

•05532 

9 

60 

•06003 

•05987 

•06012 

•06036 

•05974 

•06025 

•05790 

60 

1 

•06295 

•06291 

•06319 

•06342 

•06276 

•06328 

•06032 

1 

2 

•06613 

'06613 

•06645 

•06668 

•06596 

•06619 

•06283 

2 

3 

•06955 

•06956 

•06994 

•07013 

•06937 

•06992 

•06551 

3 

4 

•07320 

•07319 

•07365 

•07382 

•07301 

•07357 

•06847 

4 

5 

•07709 

•07705 

•07760 

•07775 

•07690 

•07745 

•07171 

5 

6 

•(8123 

'08120 

•08181 

•08195 

•08106 

•08159 

•07528 

6 

7 

•08568 

•08566 

•08630 

•08648 

•08548 

•08599 

•07924 

7 

8 

•09062 

•09049 

•09108 

•09139 

•09024 

•09068 

•08363 

8 

9 

•09565 

•09576 

•09618 

•09669 

•09530 

•09567 

•08853 

9 

7o 

•10083 

•10148 

•10160 

•10246 

•10072 

•10100 

•09398 

70 

1 

•10777 

•10766 

•10738 

•10865 

•10654 

•10668 

•10013 

1 

2 

•11528 

•11425 

•11354 

•11523 

•11276 

•11274 

•10651 

2 

3 

•12165 

•12119 

•12010 

•12210 

•11939 

•11921 

•11285 

3 

4 

•12970 

•12840 

•12710 

•12933 

•12654 

•12612 

•11897 

4 

5 

•13489 

•13585 

•13456 

•13688 

•13417 

•13352 

•12444 

5 

6 

•14338 

"14382 

•14251 

•14492 

•14234 

•14143 

•13019 

6 

7 

•15171 

'15230 

•15102 

•15353 

•15112 

•14991 

•13591 

7 

8 

•16190 

'16138 

•16013 

•16282 

•16049 

•15900 

•14216 

8 

9 

•17196 

•17121 

•16991 

•17270 

•17056 

•16875 

•14971 

9 

80 

•18198  ' 

'18174 

•18046 

•18300 

•18131 

•17924 

•15728 

80 

1 

•19413 

•19277 

•19237 

•19369 

•19286 

•19053 

•16624 

1 

2 

•20534 

'20399 

•20618 

•20457 

•20518 

•20278 

•17505 

2 

3 

•21700 

•21543 

•22242 

•21561 

•21840 

•21616 

•18492 

3 

4 

•22225 

•22676 

•24155 

•22707 

•23252 

•23091 

•19539 

4 

5 

•23825 

'23834 

•26101 

•23920 

•24765 

•24734 

•20732 

5 

6 

•24858 

"25096 

•29024 

•25274 

•26396 

•26577 

•21883 

6 

7 

•26302 

•26563 

•32042 

•26942 

•28113 

•28658 

•22905 

7 

8 

•28425 

*28282 

•35470 

•29058 

•30026 

•31029 

•23571 

8 

9 

•28813 

•30570 

•39325 

%J  KJ  "  —J  KJ 

•31605 

•32077 

•33710 

•2 1373 

9 

90 

•33571 

•33585 

•43572 

•34300 

•34344 

•36837 

•25669 

90 

1 

•37294 

•48189 

•37704 

•36928 

•40104 

•24818 

1 

2 

•41951 

•53118 

•42434 

•40028 

•441  OS 

•25093 

3 

•48338 

•58197 

•48338 

•44063 

•49143 

•2  1209 

3 

4 

•56719 

•64608 

•56719 

•50162 

•54302 

•23857 

4 

5 

•67748 

•73372 

•67748 

•61814 

•59885 

•23705 

5 

6 

•81954 

•97087 

•81954 

•65210 

•25085 

6 

7 

•97087 

•97087 

•70014 
•77568 

... 
... 

7 
8 
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The  first  thing  to  be  noted  in  Table  II  is  the  remarkable 
closeness  in  the  annuity  values  as  given  by  the  unadjusted  results, 
and  Mr.  Woolhouse's  adjustment  (Inst.  HM  3  per-cent),  which  in 
itself  is  another  proof,  if  proof  were  necessary,  of  the  satisfactory 
results  that  method  of  adjustment  has  yielded. 

Mr.  Finlaison's  method  gives  annuity  values  throughout  smaller 
than  the  unadjusted,  and  bearing  in  mind  the  purpose  to  which 
Mr.  Finlaison's  method  is  stated  by  him  to  have  been  applied, 
this  is  a  point  in  itself  of  considerable  practical  importance. 

As  a  further  verification  of  the  effect  of  an  adjustment  by  this 
method,  it  should  be  stated  that  it  has  been  applied  to  the  experi- 
ence for  the  graduation  of  which  it  was  devised,  and  has  been  found 
to  yield  the  like  results. 

The  following  table  gives  the  means  for  a  general  comparison 
of  the  effect  of  the  various  methods  of  graduation  upon  annuity 
values. 


Table  of  Annuity  Values  (ax— 3  per-cenf)  HM. 


Age 
(*) 

Unadjusted. 

Woolhouse. 

Finlaison. 

Berridge. 

Makeham. 

20 

22056 

22012 

22-029 

22061 

22-013 

30 

19-865 

19-867 

19-829 

19-858 

19-898 

40 

17-187 

17176 

17124 

17-184 

17-179 

50 

13-892 

13-896 

13836 

13-898 

13-889 

60 

10-216 

10-236 

10-175 

10205 

10-252 

70 

6695 

6-656 

6-600 

6  649 

6-701 

80 

3-737 

3-742 

3-714 

3-771 

3-752 

For  the  purpose  of  comparing  the  policy  reserves  brought 
out  by  the  employment  of  the  various  tables,  the  following 
table  has  been  constructed,  which  gives  the  value  of  100 
{Kv+n  —  Par(|  +  «r-f»)}  for  each  table,  for  various  ages  of  entry  and 
for  various  durations  of  policies ;  and  there  is  placed  along- 
side each  a  column  showing  the  percentages  which  the  policy 
reserves  by  other  tables,  bear  to  those  based  on  Mr.  Woolhouse's 
adjustment.  In  any  application  of  this  table,  it  should  always  be 
carefully  borne  in  mind  that  it  does  not  give  all  the  information 
required  as  regards  with  profit  policies  having  vested  reversionary 
bonus  additions,  because  there  is  no  doubt,  as  will  be  seen  further 
on,  that  the  value  of  such  bonus  additions  will  in  general  have  an 
appreciable  effect  in  any  comparison  of  the  actual  reserves  required 
by  the  various  tables  for  the  liabilities  of  an  office,  where  such 
reversionary  bonus  additions  exist. 
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The  calculation  of  the  above  tables  of  elementary  values 
has  been  one  of  some  labour,  and  I  take  this  opportunity  of 
stating  that  in  this  matter  I  am  considerably  indebted  to  my 
friends  Messrs.  J.  Whitcher,  of  the  London  Life  Association, 
T.  H.  Cooke,  of  the  Northern  Assurance  Company,  and  T.  G. 
Ackland,  of  the  Gresham  Life  Office,  but  for  whose  assistance  I 
am  afraid  the  completion  of  this  portion  of  the  paper  would  have 
been  unavoidably  postponed. 


Discussion. 

The  Pkesideistt  (Mr.  J.  Hill  Williams)  said  the  paper  related  to 
a  subject  in  which  they  were  all  particularly  interested.  When  the 
council  were  collecting  the  Institute  experience  for  the  purpose  of 
publishing  it  for  the  information  of  the  profession  at  large,  it  was  a 
matter  of  very  great  anxiety  to  them  to  settle,  as  far  as  possible,  what 
was  the  best  method  of  graduation,  and  it  was  a  subject  of  much 
discussion  among  them.  They  were  fortunate  in  obtaining  the  ready 
and  zealous  assistance  of  their  colleague,  Mr.  Woolhouse ;  and  it  was 
very  satisfactory  to  find  that  the  result  of  that  gentleman's  labours 
was  proved  to  be  worthy  of  their  confidence,  by  the  severe  test  to 
which  it  had  been  put  in  the  present  paper  by  the  detailed  comparison 
with  many  other  tables,  all  of  which,  as  methods  of  graduation,  had 
their  merits.  He  thought  that  as  yet  there  had  not  been  published 
any  method  of  graduation  which  was  likely  to  supersede  Mr. 
Woolhouse's,  or  which  was  equal  to  it. 

Mr.  Bailey  would  make  a  few  remarks,  because  the  paper  had 
been  referred  to  Mr.  Berridge  and  himself,  and  it  wTas  held  to  be  one 
of  the  duties  of  the  referees  to  say  something  on  the  subject  of  the 
paper  which  had  been  referred  to  them.  He  proceeded :  The  subject 
of  graduation  of  tables  of  mortality  has  always  had  a  great  fascination 
for  advanced  mathematicians,  who  have  apparently  satisfied  themselves 
that  their  graduated  tables  are  right,  and  that  the  tables  derived  from 
the  raw  material  are  wrong.  I  have  never  been  quite  able  to  admit 
that  view,  and  do  not  think  that  it  is  quite  logical.  We  are  bound 
to  take  the  results  as  we  find  them,  and  act  upon  those  results,  be 
they  what  they  may.  In  representing  the  law  of  mortality  as  a 
curve,  of  which  the  abscissa  is  the  age,  and  the  corresponding  ordinate 
the  probability  of  dying,  it  has  invariably  been  assumed  that  the 
curve  must  take  a  regular  form.  I  am  of  opinion  that  there  are 
climacteric  periods  in  human  life,  and  that  the  curve  is  not  a  regular 
one  ;  and,  therefore,  when  actuaries  reduce  the  irregular  curve  to  a 
regular,  they  sometimes  proceed  from  right  to  wrong.  Even  Mr. 
Woolhouse  has  not  been  able  to  avoid  some  irregularities  in  the 
probabilities  of  dying  in  the  early  part  of  the  table,  although  his 
object  has  been  all  along,  as  he  expressed  it,  to  draw  the  curve  into  a 
regular  form.  Looking  at  the  general  results  in  the  paper,  and  seeing 
how  closely  the  values  of  annuities  and  the  values  of  premiums  in  the 
unadjusted  method  correspond  with  the  adjusted  method,  1  am  free 
to  confess  that  I  very  much  wish  that  the  Council  of  the  Institute 
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had  had  the  courage  to  adopt  the  unadjusted  values  of  annuities 
and  the  unadjusted  premiums  so  that,  as  Professor  de  Morgan 
remarked  many  years  ago,  the  adjustment  should  be  applied  to  the 
money  results,  bearing  always  in  mind  what  Mr.  Sutton  has  pointed 
out,  that  the  premiums  are  not  based  on  this  or  that  mortality  expe- 
rience, but  are  practically  fixed  by  that  most  efficacious  instrument, 
competition. 

Mr.  A.  J.  FrNXAisoN  said  that  an  adjustment  is  wanted  for  the 
calculation  of  survivorship  benefits  and  deferred  annuities.  As 
regnrds  Mr.  John  Finlaison's  method,  there  certainly  seems  to  be 
some  ambiguity  of  expression  in  the  Report  of  1829  as  to  the  exact 
tables  to  which  it  was  first  applied.  This  is  now  probably  a  matter 
of  very  small  importance.  He  might  state,  however,  that  the  figures 
given  in  the  Report  were  not  exactly  those  which  had  been  used  in 
the  construction  of  the  tables  for  the  grant  of  annuities  by  the 
Government,  although  the  quantities  in  the  tables  were  derived  from 
the  same  original  facts.  For  in  the  calculation  of  the  official  tables 
a  graduated  series  had  been  used,  wherein  an  adj  listed  rate  of  mortality 
had  been  deduced  for  each  half-year  of  age  throughout  life,  and  values 
had  been  calculated  therefrom  at  a  half-yearly  rate  of  interest  for 
each  six-monthly  interval  of  age.  In  the  application  of  this  system 
of  graduation,  the  arithmetical  work  can  be  simply  performed  by  a 
continuous  process.  For  instance,  differencing  the  expression  given  in 
Mr.  Sutton's  paper — 

Op'x  +  4  ( p'x-l  +p'x+ 1)+3  +/,.+2)  +  2  O'a-3  +  P'x+3  +  ) 

f*~  25  C 

it  will  be  seen  that 

Px~  25 
and  that  A»j>,=  P'*+'+P'*-*-2P'*±l 

=  (^-+6+^-4-2^+0  x  -04. 

Consequently,  if  the  initial  values  of  px  and  Apx  are  found,  and  then 
the  series  of  the  values  of  &?p,v  are  calculated  for  each  age  from  the 
above  expression,  it  will  be  found  that  the  graduation  of  a  table  can 
be  made  in  a  very  short  time— in  about  a  couple  of  hours.  Anyone 
who  tries  both  methods  will  find  that  this  is  much  more  expeditious 
than  the  other.  If  the  original  idea  of  taking  a  mean  of  five  adjacent 
values  is  reverted  to,  and  the  operation  repeated  thrice,  the  result  can 
be  shown  in  the  expression 

i9i' x + is  (/'.„_! + zwo  + is  (/',._, + rx+2) + io(/'.,_3 + u,) 


125 

+  6  (l'X-4  +  ^  +  4)  +  3  (l'x-5  +  I'x  +  o)  +  I'x-s  +  l'cc  +  ti) 


=  -152  l'x + -144  (/'„_ !  +      0  +  •  12  (l\v-2  +  ZW2)  +  -08  (4..3+4+3) 
+  -048(?£P_4+^+4)  +  -024(^+4+5)  +  -008(^_6  +  ra7+6)5 

wherein  values  from  Z'tl._6  to  Z'ir+6  are  involved,  and  have  an  inverse 
weight  according  to  their  distance  from  the  central  quantity  required 

o  2 
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to  be  adjusted.  In  this  case,  also,  the  arithmetical  work  is  best 
performed  by  a  continuous  scheme;  and  if  the  differences  are  taken 
as  before,  it  will  be  found  that  the  series  of 

A3^=[3(Z^-1-^+4)  +  (4+9-^-6)]  x  '008. 

It  is,  however,  preferable  to  work  on  the  number  dying  at  each  age ; 
for  the  method  is  equally  applicable  to  px  and  qx,  or  lx  and  dx. 
Sometimes  Mr.  Woolhouse's  method  fails  to  bring  out  a  regular 
series  in  cases  where  only  a  small  number  of  lives  are  involved ; 
but  when  actuaries  have  to  perform  actual  work  they  are  obliged 
to  have  a  regular  series.  In  most  instances,  the  method  he  had 
described  brings  out  a  series  which  progresses  regularly,  and  of  which 
the  third  difference  comes  to  a  very  small  quantity;  and  the  results 
are  practically  always  very  close  to  the  original  values. 

Mr.  P.  Gray  said  that,  many  years  ago,  when  entering  on  the 
study  of  life  contingencies,  along  with  his  friend,  Mr.  Ambrose  Smith, 
they  sought  to  verify  Mr.  Finlaison's  method  of  adjustment.  But 
all  their  attempts  were  futile,  and  their  results  had  but  little  resem- 
blance to  those  in  the  report.  They  were  not  a  little  discouraged  by 
their  failure,  and  there  was  no  doubt  other  beginners  had  been 
similarly  discouraged.  He  had  been  informed  very  recently  by 
Mr.  A.  J.  Finlaison,  that  there  was  reason  to  believe  that  Mr.  J. 
Finlaison  had  subjected  his  data  to  some  modification  before  applying 
his  method  of  adjustment.  If  so,  this  certainly  ought  to  have  been 
stated  in  the  report,  since  the  omission  of  it  could  hardly  fail  to  have 
had  a  prejudicial  effect  on  Mr.  Finlaison's  reputation  as  a  computer. 
•The  forifj  in  which  he  presented  his  adjusted  value  of  px  was  (using 
modern  notation,  Eeport  p.  10)  : — 

25 

When  otherwise  arranged,  the  significance  of  this  expression  becomes 
more  apparent,  thus  : — 

x  25 

it  being  understood  that  the  probabilities  in  the  numerator  are  those 
given  by  the  observation.  Each  adjusted  probability  is  here  made  to 
depend  upon  nine  of  the  observed  probabilities,  that  for  the  age  under 
treatment  being  the  central  term,  while  the  others  are  ranged  in  order 
on  both  sides  of  it.  The  central  term  is  affected  with  the  coefficient 
5,  and  those  on  both  sides  of  it  are  symmetrically  affected  with  the 
coefficients  4,  3,  2,  1,  respectively,  as  they  recede  from  the  central 
term.  The  sum  of  the  coefficients  is  25,  which,  therefore,  forms  the 
denominator  of  the  expression.  The  expression  seems  to  promise  well 
for  the  purpose  in  view,  being  a  sort  of  average  of  nine  adjoining 
terms,  in  which  each  is  weighted  in  accordance  with  its  proximity  to 
the  central  term.  But  it  is  subject  to  two  drawbacks,  the  first  of 
which  is  the  labour  involved  in  its  application.  It  was  stated  by 
Mr.  John  Finlaison  (Report,  p.  10)  and  by  Mr.  A.  0.  Finlaison  (Report, 
p.  25,  August  I860)  to  be  laborious,  and  he  (Mr.  Gray)  in  working 
upon  it  with  Mr.  Smith  found  it,  in  the  way  in  which  they  applied  it, 
to  have  been  truly  so  described.    But  a  most  effectual  remedy  had 
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since  been  found  for  this  inconvenience.  Dr.  Wittstein,  in  a  paper 
in  vol.  17  of  the  Journal  of  the  Institute  (translated  by  Mr.  Sprague) 
had  shown  how  Mr.  Finlaison's  function  might  be  formed  in  almost 
the  easiest  manner  conceivable.  The  other  drawback  is  one  that  Dr. 
Wittstein  seems  to  have  overlooked.  Whatever  may  be  said  in  favour 
of  Mr.  Finlaison's  expression,  as  affording  a  highly  probable  approx- 
imation to  the  value  sought,  is,  on  consideration,  seen  to  be  applicable 
only  when  the  terms  entering  it  are  each  the  result  of  observations 
directed  to  the  determination  of  the  same  value ;  while  here  the  terms 
involved  are  those  of  successive  values,  forming  generally  an  increasing 
or  a  decreasing  series,  according  as  the  probability  of  dying  or  that  of 
living  was  the  function  employed.  In  consequence,  if,  as  here,  the 
series  treated  partake  at  all  of  a  geometrical  character,  the  influence 
of  the  terms  on  one  side  of  the  central  term  will  always  be  greater 
than  the  influence  of  those  on  the  other  side  of  it;  and  the  result  in  a 
series  of  probabilities  thus  formed  will  be  a  constant  tendency  to 
deviation  in  the  one  direction  or  the  other,  according  to  circumstances. 
Mr.  A.  G.  Finlaison  informs  us  in  his  report  (p.  38)  that  he  noticed 
this  result  in  the  excess  of  the  mortality  given  by  his  adjusted 
probabilities  over  that  given  by  the  unadjusted;  and  he  (Mr.  Gray) 
had  also  found  it  while  working  on  the  HM  table,  by  comparison  with 
Mr.  Woolhouse's  results,  wmose  method  of  adjustment  was  certainly 
not  subject  to  any  such  source  of  error.  Mr.  Finlaison  equalized 
the  deaths  according  to  the  two  series  by  multiplying  his  probabilities 
by  a  constant  factor.  Whether  this  was  the  best  way,  or  a  legitimate 
way,  of  correcting  the  error  of  his  process,  might  be  matter  for  debate; 
but  the  method  of  adjustment  under  consideration,  when  applied  in 
the  manner  shown  by  Dr.  Wittstein,  is  so  delightfully  simple  that  it 
is  most  desirable  that  some  legitimate  method  of  rendering  it  more 
generally  available  may  be  found. 

Mr.  Waleord  said  that  when  early  mortality  tables  were  made, 
there  was  no  accurate  record  of  the  ages  of  the  lives  on  which  they 
were  based,  the  ages  being  simply  those  given  by  friends ;  and,  of 
course,  graduation  became  a  necessity.  And  so  any  table  of  mortality 
based  upon  insured  lives  in  small  numbers  would  present  variations 
at  certain  ages,  both  young  and  old,  which  would  require  the  same 
process  of  graduation.  When  large  masses  of  lives  are  got,  with 
regard  to  whose  ages  there  can  be  no  question,  as  they  will  be 
eventually  by  reason  of  registration,  actuaries  will  be  able  to  obtain 
real  results  from  raw  materials,  and  the  less  such  tables  are  submitted 
to  graduation,  the  better  for  all  concerned.  Such  tables  would  afford 
the  means  of  actually  testing  whether  the  climacteric  periods  which 
are  believed  in,  are  actually  true  or  otherwise.  He  himself  believed 
that  there  is  something  in  them.  But  in  England,  as  the  Registration 
Act  prolongs  its  operation  year  by  . year,  and  al-the  certainty  regarding 
age  increases,  we  shall  have  the  means  once  for  all  of  settling  the  ques- 
tion. But  when  it  is  settled,  there  certainly  will  be  a  little  difficulty  in 
following  strictly  the  ups  and  downs.  It  would  not  do,  for  instance, 
to  charge  a  man  a  smaller  premium  at  56  than  at  55  or  50.  Actuaries 
will  have  to  consider  those  questions  when  they  arise,  and  decide  how 
they  shall  be  dealt  with.  Probably  the  climacteric  periods  will  be 
very  few,  and  be  capable  of  being  softened  down  in  such  a  way  as  not 
to  present  any  great  difficulties  in  calculating  annuities  from  them. 
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Mr.  Berridge  said  that  since  he  had  made  his  graduation,  he  had 
come  to  the  conclusion  that  an  average  between  two  graduations  wras 
better  than  any  one  graduation  which  could  be  devised.  That  is 
very  strongly  brought  out  in  Mr.  Woolhouse's  method,  which  is 
really  an  average  of  five  series.  Mr.  Sutton  has  taken  the  average 
of  two  series ;  and  even  much  more  simple  methods  of  graduation 
would  give  better  results,  if  there  was  an  average  of  two  series,  than 
would  be  obtained  from  any  one  process,  provided  that  there  was  no 
assumed  law  involved  in  making  the  averages.  If  an  arithmetical 
mean  is  introduced  in  any  part  of  the  calculation,  there  is  a  slight 
error.  Mr.  Woolhouse,  instead  of  introducing  an  arithmetical  mean, 
introduces  a  mean  which  is  the  result  of  the  second  or  third  difference 
of  the  curve,  as  the  case  might  be,  and  he  therefore  avoids  that 
difficulty.  Mr.  Woolhouse's  method  follows  the  curve  exactly ;  in 
fact,  the  late  Mr.  Samuel  Brown  had  complained  to  him  (Mr.  Berriclge) 
that  it  wras  no  graduation  at  all,  because  it  was  too  near  the  original. 

Mr.  Hardy  said  that  he  noticed  with  very  great  satisfaction  the 
new  title  under  which  Mr.  Sutton  appeared  before  them  that  evening. 
Mr.  Sutton  held  the  certificate  of  the  Institute,  and  had  been  through 
its  curriculum ;  and  therefore  it  was  very  gratifying  to  see  him 
appointed  to  a  very  important  office  under  Government.  He  (Mr. 
Hardy)  had  always  looked  upon  the  method  of  graduation  employed 
as  almost  as  important  as  the  facts;  and  he  might  say  that  the  facts 
took  the  shape  of  the  graduation  rather  than  preserved  their  original 
features.  Probably  the  climacteric  periods  mentioned  by  Mr. 
Walford  are  brought  about  by  human  institutions.  For  instance, 
we  regard  a  man  as  of  age  at  21,  which  is  the  third  period  of  seven 
years ;  and  perhaps  the  periods  are  affected  by  social  laws  rather  than 
by  anything  in  nature  itself  which  *makes  any  particular  period 
dangerous  to  life.  He  thought  that  graduation  was  an  endeavour 
to  apply  science  to  discover  the  real  law  that  is  supposed  to  underlie 
the  facts.  The  facts  are  not  in  sufficient  quantity  at  all  ages  to 
enable  us  to  get  the  true  law,  and  methods  of  graduation  are  attempts 
to  bring  out  such  a  law  from  the  indications  that  the  facts  present. 

Mr.  Bailey — Graduation  assumes  a  law,  and  bends  the  facts  to  it. 

Mr.  Sutton,  in  reply,  said  that  the  present  paper  dealt  only  with 
what  some  persons  might  consider  to  be  the  unimportant  portion  of 
the  subject.  On  taking  the  lives  existing  at  the  close  of  the  obser- 
vation over  which  the  Institute  experience  extended,  and  treating 
them  as  his  average  office,  he  found  that  the  results,  on  the  assumption 
of  the  lives  entering  and  existing  at  the  various  ages  all  assuring  for 
the  same  amount,  did  not  agree  with  a  summary  which  he  had  made 
of  the  sixth-schedule  returns  of  nineteen  out  of  the  twenty  offices 
which  had  contributed  their  experience,  the  percentage  of  risk  at  the 
various  ages  of  the  total  sum  assured  not  tallying  at  all  with  those 
brought  out  on  the  assumption  of  the  lives  assuring  for  the  same 
amount.  That  necessitated,  to  a  great  extent,  the  rewriting  and 
reconsideration  of  that  portion  of  the  paper;  and  might  be  taken  as 
an  explanation  of  the  fact  that  there  was  only  one  part  of  the  paper 
before  them.  He  was  strongly  of  Mr.  Bailey's  opinion  that,  in  all 
cases  where  they  had  large  masses  of  figures  to  deal  with,  as  in  the 
Institute  experience,  the  facts  should  be  taken  as  they  are.  He 


1877.] 


Graduation  of  a  Mortality  Table. 


191 


thought  that  it  was  the  greatest  compliment  that  could  be  paid  to 
Woolhouse's  method  of  graduation  to  compare  it  with  the  facts,  not 
comparing,  however,  the  numbers  living,  or  probabilities  of  living,  or 
probabilities  of  dying,  or  mean  duration  of  life,  but  taking  actual 
annuity  values,  which  are  the  starting  point  for  all  practical  purposes. 
With  regard  to  Mr.  John  Finlaison's  graduated  Government  life 
annuities,  he  might  say  that  he  had  been  himself  in  the  same  unfor- 
tunate position  as  Mr.  Gray  had  described.  He  had  tried  for  many 
hours  by  twisting  and  turning  about  the  rough  figures  given  by  Mr. 
Finlaison,  to  ascertain  how  he  had  got  his  graduated  results,  and  he 
had  not  succeeded.  Among  other  attempts  which  he  made,  one  was 
the  very  method  of  construction  of  the  table  by  differencing,  which 
Mr.  A.  J.  Finlaison  had  called  attention  to  that  evening;  but  up  to 
the  present  he  had  been  unsuccessful.  He  had  used  Mr.  John 
Finlaison's  method  many  times,  and  found  it  extremely  easy,  and 
was  very  much  puzzled  to  find  him  speaking  of  it  as  laborious,  as 
compared  with  the  other  method.  Mr.  Gray  had  mentioned  that  the 
method  had  appeared  in  the  Journal  in  a  translation  of  the  German 
paper  by  Dr.  Wittstein.  It  seemed  rather  remarkable  that,  although 
Dr.  Wittstein' s  paper  was  written  some  forty  years,  at  least,,  after 
Mr.  John  Finlaison's  method  was  known,  no  mention  was  made  in  it 
of  the  latter.  Dr.  Wittstein  was  probably  under  the  impression  that 
the  method  recommended  by  him  was  a  new  one.  Whether  the 
financial  effect  pointed  out  on  p.  183  would  obtain,  if  instead  of  the 
probabilities  of  living  were  taken  the  numbers  living,  he  was  not 
sure,  but  he  was  rather  inclined  to  think  that  it  would  not. 

Mr.  A.  J.  Finlaison  said  that  it  would  make  a  difference  at  the 
end  of  the  table  where  the  numbers  were  larger.  Therefore,  it  would 
make  the  annuity  value  larger. 

Mr.  Sutton  said  that  if  they  could  always  rely  on  the  values  on 
each  side  of  the  central  value  being  some  smaller  and  some  larger,  he 
was  not  sure  that  it  would  not  be  so;  but,  in  its  present  form,  with 
regard  to  the  px,  it  was  not  so.  In  the  paper  now  before  the  Institute, 
he  had  carefully  endeavoured  to  abstain  from  raising  any  discussion 
as  to  the  comparative  merits  of  various  methods  of  graduation.  rI  he 
sole  point  under  consideration  was  to  compare  their  financial  effects,  and 
it  was  from  no  other  point  that  he  had  endeavoured  to  deal  with  them. 

The  President  said  that  as  they  had  the  advantage  of  having 
present  that  evening  Herr  Wilhelm  Lazarus,  of  Germany,  one  of  their 
foreign  members,  they  would  be  glad  to  hear  a  few  remarks  from  him. 

Herr  Wilhelm  Lazarus  said  that  be  had  no  doubt  that  English 
actuaries  took  an  interest  in  what  actuaries  were  doing  in  Germany 
in  the  way  of  scientific  work,  and  they  might  have  wondered  that 
they  did  not  see  in  Germany  an  Institute  of  a  somewhat  similar  kind 
to  that  which  had  existed  in  Great  Britain  for  so  long  a  time.  In 
Germany,  however,  they  laboured  under  such  great  difficulties  that  it 
was  not  possible  to  establish  an  Institute  there.  They  tried  to  do 
so  in  the  year  1865,  but  the  attempt  was  unsuccessful.  The  actuaries 
are  not  united  together  in  a  particular  town,  as  is  the  case  in  France 
and  in  England,  but  are  spread  over  the  country  in  such  a  way  that 
they  cannot  hold  meetings.  In  1865,  a  society,  whose  name  might 
be  translated  as  "  The  Association  for  the  Science  of  Life  Insurance", 
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was  established,  but  soon  faded  away.  But  before  it  died,  or  fell 
asleep — for  he  did  not  know  whether  it  was  really  dead — it  gave  birth 
to  a  work  which  was  now  going  forward,  and  a  work  in  which  they 
had  been  guided  by  an  example  which  the  Institute  of  Actuaries  had 
already  twice  given.  *  The  mortality  experience  of  the  German 
insurance  companies  had  been  worked  out,  and  perhaps  it  would 
interest  the  meeting  to  hear  some  of  the  particulars  of  the  work.  It 
was  in  the  year  1868  that  the  plan  was  formed  by  the  Association, 
and  it  was  adopted  in  the  following  year,  and  sent  to  the  companies, 
who,  after  some  hesitation,  agreed  to  give  all  their  experience  in  nearly 
the  same  manner  in  which  it  had  been  given  in  England;  so  that  they 
would  have  the  experience  of  lives  and  not  policies,  together  with  the 
strict  dates  of  birth  and  death  up  to  the  end  of  1870.  In  1875  the 
cards  were  sent  back  by  the  companies ;  but  then  another  delay  took 
place.  It  was  proposed  to  bring  these  cards  up  to  a  later  date  by 
means  of  the  experience  which  had  been  collected  in  the  meantime ; 
and  last  summer  the  cards  came  in  with  the  experience  up  to  the  end 
of  1875.  There  are  four  different  sorts  of  cards,  relating  to  healthy 
lives,  males  and  females;  and  diseased  lives,  males  and  females.  Then 
there  are  other  cards,  which  refer  to  a  kind  of  industrial  assurance, 
where  the  medical  examination  is  not  made  so  accurately;  but  these 
have  been  separated  from  the  others,  because  it  is  expected  that 
they  will  show  a  different  mortality  experience.  And  then  there  are 
cards  relating  to  cases  in  which  no  medical  examination  has  been  made 
at  all.  The  whole  number  of  cards  amounts  to  720,511.  The  numbers 
are  : — Healthy  lives — males,  282,000  ;  females,  101,000.  Diseased 
lives— males,  76,000;  females,  25,000.  For  the  industrial  business 
there  were  about  as  many  males,  and  76,000  females ;  and  in  endow- 
ment and  annuity  insurances  there  were  about  20,000  of  each  sex. 
It  is  expected  that  100,000  additional  cards  will  be  received  from 
societies  which  have  not  yet  sent  them,  but  have  promised  to  do  so. 
The  work  is  now  being  carried  on  in  Berlin,  and  it  is  hoped  that  when 
it  is  completed,  there  will  be  a  mortality  experience,  so  far  as  Germany 
was  concerned,  which  may  be  relied  upon  as  sufficient. 


A  Comparison  of  various  Methods  of  Graduation  of  a  Mortality 
Table,  considered  in  reference  to  the  Valuation  of  the  Liability 
of  an  Average  Life  Office  under  its  Assurance  Contracts.  By 
William  Sutton,  Actuary  to  the  Registry  of  Friendly 
Societies. 

Part  II. —  On  the  Determination  of  an  Average  Life  Office. 
[Read  before  the  Institute,  30  April  1877.] 

In  the  first  part  of  this  paper,  it  has  been  shown  to  what 
extent  the  reserve  under  a  single  policy  is  affected  by  various 
methods  of  graduating  the  mortality  experience  on  which  such 

*  It  seems  desirable  to  point  out  that  this  is  a  mistake.  The  17  Oflices' 
Experience  was  taken  out  before  the  Institute  was  founded,  and  several  actuaries 
took  part  in  it  who  never  joined  the  Institute. — Ed.  J.I. A. 
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reserve  is  based.  We  will  now  endeavour  to  obtain  some  notion 
of  the  financial  effect  upon  the  total  reserve  made  by  an  office  at 
a  periodic  valuation  of  its  liabilities. 

This  can  only  be  done,  either  by  taking  for  our  data  those  of 
individual  offices,  and  comparing  the  results  brought  out,  or  by 
constructing  an  office  which  shall  represent,  with  more  or  less 
accuracy,  the  case  of  actually  existing  offices.  The  first  course, 
apart  from  its  impracticability,  would  have  the  objection  of  only 
dealing  with  particular  cases,  in  a  matter  where  the  particular  cases 
may  differ  materially  from  one  another,  and  would  certainly  differ 
materially  from  others  which  might  have  been  chosen  for  the 
purpose;  and  to  the  second  course  the  objection  fairly  applies  that, 
in  all  probability,  the  average  office  as  constructed  does  not 
exactly  represent  any  existing  individual  office.  As,  however,  an 
average  office  properly  constituted  would  be  a  sort  of  average  of 
all  the  varying  circumstances  of  existing  offices,  it  would  on  the 
whole  show  less  deviation  from  any  particular  case,  and  conse- 
quently the  results  derived  from  such  a  supposition  would  require 
smaller  adjustments  to  meet  the  case  of  any  existing  individual  office. 

When  first  considering  this  subject,  one  great  inducement  to 
write  this  paper  arose  from  thinking  that  in  the  Institute  expe- 
rience the  facts  were  given  which  would  enable  us  at  once  to  obtain 
what  it  is  proposed  throughout  to  call  an  average  office.  The  total 
number  of  lives  on  the  books  of  the  20  contributing  offices  at  a 
given  date  is  there  given,  together  with  their  ages  at  entry  and 
their  ages  at  that  date,  and  if  the  amounts  for  which  they  were 
respectively  assured  had  been  also  given,  the  information  would,  it 
was  considered,  be  quite  sufficient  for  the  purpose  in  view.  In 
coming  to  this  conclusion,  the  fact  was  not  overlooked,  that  all 
the  existing  lives  were  not  assured  on  the  ordinary  whole  life  scale, 
but  included  term  assurances,  contingent  assurances,  endowment 
assurances,  &c.  As  we  know,  however,  that  these  classes  of  business 
are  only  on  the  average  a  small  percentage  of  the  whole,  it  did  not 
appear  necessary  to  attach  much  importance  to  this  point  as  regards 
the  object  in  view.  Of  course  no  average  office  would  be  complete 
which  did  not  take  into  account  the  vested  reversionary  bonuses 
attaching  to  the  with -profit  assurances,  but  an  assumption  to  supply 
this  could  easily  have  been  made  wrhich  would,  there  is  reason  to 
think,  have  been  sufficient  for  the  purpose.  As  we  all  knowT, 
however,  the  Institute  experience  only  gives  particulars  of  the 
lives,  not  of  the  sums  assured ;  and  it  was  necessary,  there- 
fore, in  the  first  instance  to  assume  either  that  all  persons  who 
entered  became  assured  for  the  same  amount,  or  that  the  amount 
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for  which  a  man  effected  his  policy  would  depend  upon  his  age  at 
the  time,  which,  speaking  generally,  would  be  tantamount  to 
assuming  that  the  older  he  was  at  the  time  of  effecting  his  assur- 
ance, the  larger  would  be  the  sum  for  which  he  would  assure. 

In  the  absence  of  any  standard,  it  was  decided  to  assume 
that  the  lives  all  entered  for  the  same  sum,  and  taking  this  sum 
to  be  1,  and  omitting  all  lives  entering  under  20,  the  following 
table  was  constructed,  which  is  merely  the  total  lives  existing  at 
the  various  ages,  Institute  Experience,  Healthy  Males,  at  the  close 
of  the  observations. 

Table  1. — Sum  at  risk  at  various  Ages,  on  the  assumption  that  all 
the  Lives  existing  at  close  of  Observations  (Healthy  Males — 
Institute  Experience)  were  each  assured  for  1. 


Age. 

Sum 
Assured. 

Percentage 
of  Total. 

Age. 

Sum 
Assured. 

Percentage 
of  Total. 

Oil 

ZO 

DO 

1,0/ 1 

1  4/ 

x 

172 

•24 

1 

993 

136 

2 

295 

•40 

2 

849 

1-16 

3 

473 

•65 

3 

807 

111 

4 

643 

•87 

4 

802 

1-09 

5 

rov 

5 

oyo 

9o 

6 

x  OU 

6 
u 

UKJO 

•83 

7 

1,114 

1-53 

7 

559 

•77 

8 

1,341 

1-84 

8 

496 

•68 

9 

1,401 

1-91 

9 

454 

•62 

Oft 

oO 

1,01  / 

2  JL6 

/O 

QOQ 

ooo 

o-s 

1 

1  7T7 

— ■  oo 

i 

X 

•  if) 

OU 

2 

1,767 

2-43 

2 

266 

•36 

3 

1,955 

2-68 

3 

254 

•35 

4 

1,996 

272 

4 

245 

•33 

5 

2,045 

2-81. 

5 

184 

•25 

o 

i5yyo 

L  /O 

D 

1/4' 

•91 
.34 

7 

2,299 

3-15 

7 

155 

•21 

8 

2,171 

2-97 

8 

110 

•15 

9 

2,139 

2-91 

9 

82 

11 

40 

2,192 

3-00 

80 

87 

12 

1 

2,263 

3-10 

1 

66 

•09 

2 

2,247 

3-08 

2 

45 

•06 

3 

2,244 

3-07 

3 

37 

•05 

4 

2,289 

3-11 

4 

26 

•04 

5 

2,256 

3-09 

23 

03 

6 

2,133 

2-92 

15 

•02 

7 

2,060 

2-82 

7 

15 

•02 

8 

2,053 

2-81 

8 

•01 

9 

1,921 

2'61 

9 

I 

01 

50 

1,798 

2-46 

90 

1 

1,776 

2-43 

1 

2 

1,638 

224 

2 

J 

«  1 

01 

3 

1,656 

2-27 

3 

4 

1,499 

2-01 

5 
6 
7 

8 

9 

1,329 
1,352 
1,270 
1,1  17 
L,119 

1-82 
1-85 
1-74 
157 
L-52 

73,KH 

L00- 
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Ages. 

Sum  Assured. 

Percentage  of 
Total. 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85  &  upwards 

1,648 
5,628 
9,052 
10,649 
11,235 
10,423 
8,3H7 
6,217 
4,522 
2,807 
1,512 
705 
261 
75 

225 

7-  71 
12-41 

14-  57 

15-  36 
11-25 
11-44 

8-  50 
6-19 
3-85 
206 

•96 
•36 
•09 

73,101 

100- 

A  first  glance  at  this  table  is  quite  sufficient  to  show  that  the 
sums  assured  at  the  younger  ages  are  too  large  in  proportion  to 
those  in  the  middle  part  of  life,  and  would  seem  to  point  unmis- 
takeably  to  the  inference  that,  on  the  average,  the  sum  assured  by 
a  new  entrant  does  to  some  extent  depend  upon  his  age.  The 
only  information  available  to  test  this  was  the  returns  to  the  Board 
of  Trade ;  but  on  referring  to  these,  it  was  found  that  besides 
not  stating  the  number  of  policies  existing  at  each  age,  as  well 
as  the  sums  assured,  the  latter  varied  so  considerably  that  it  was  a 
matter  of  great  difficulty  to  make  any  use  of  individual  returns. 
It  was  therefore  decided  to  take  the  returns  of  nineteen  out  of  the 
twenty  offices,*  and  group  the  sums  at  the  various  ages  together.  It 
should  be  added  that  in  the  case  of  each  office,  the  first  return  under 
the  Life  Assurance  Companies  Act  was  used,  so  that  the  time  that 
had  elapsed  since  the  close  of  the  Institute  observations  should  be 
as  short  as  possible.  The  results  are  given  in  eoctenso  in  the 
following  table. 


*  The  remaining  office  having  amalgamated  with  another  office,  there  was 
no  return  available. 
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Table  2. — Summary  of  Board  of  Trade  Returns  of  19  Offices  under 

Schedule  6 — Question  2. 


Age. 

With 
Profits. 

Per- 
centage 

of 
Total. 

Without 
Profits. 

Per- 
centage 

01 
Total. 

Total. 

Percentage 
of  Total. 

Bonuses. 

Per-cent 
of  Bonus 
on  Total 

Sum 
Assured. 

Percentage  of  Total  Sum 
Assured  at  Risk. 

£ 

h 

3b 

With. 

Without, 

With  and 
Without. 

OA 

20 

93,650|  '11 

1  />  00  A 

lb,  884 

12 

1  1  A  K  O  A 

110,od4 

'11 

1  £»0 

lbZ 

lo 

a  1 

21 

158,600 

•19 

34,280 

"25 

1  AO  O OA 

lyz,o80 

.  OA 

*z0 

OAA 

zyo 

'15 

22 

zb4,you 

.'JO 

62 

47,465 

•34 

312,395 

.00 

62 

1,808 

•58 

1  65 

1-54 

1-63 

23 

355,376 

•43 

49,036 

•35 

404,412 

*42 

731 

•18 

O  A 

491,443 

•60 

eta  1  xt 
bb,157 

•48 

rrh  £»AA 

oo7,bU0 

•58 

1   0  A  A 

i,z4y 

.00 
'22 

OK 
Z5 

539,440 

•66 

OA  K,10 

ol,54Z 

•bl 

bo 

O  A>70 
2,072 

.00 
dd 

2  b 

780,450 

•95 

i  a "  ^no 

10o,/93 

•76 

QQ  Ci  O  1  O 

•  AO 

yz 

l,bbU 

.1  A 

19 

27 

Q  X  A  OQ,j 

I  lb 

130,036 

•94 

1,084,920 

1*13 

3,447 

•32 

0  4b 

4-07 

5-26 

28 

1,021,670 

1-24 

139,313 

1-00 

1,160,983 

i  .01 
1  21 

5,018 

•43 

zy 

1,189,680 

1-45 

i  a**  r*r*a 

10o,bb2 

'76 

1   OO  X  O  1 0 

135 

h  A  TO 

7,4/ d 

.  X  0 

58 

60 

1,261,944 

1-54 

126,74/ 

•91 

1    OAT  CAT 

l,dyi,byl 

1  •  A  X 

1  45 

Q  T  AO 
8,1  Od 

•  x  0 
08 

O  1 

dl 

J, 589,707 

1-93 

oai   r  f  f 
201,  5o0 

"1  .  A  r 

1*45 

1  Tai  or"o 

i,/yi,zbz 

Too 

1  A  XXT 
14,00/ 

.01 
ol 

32 

J  ,04U,4l0 

1  87 

197,578 

1-42 

1,737,993 

181 

16,565 

•95 

9*/6 

6-73  9-33 

33 

1,688,589 

2-05 

180,035 

129 

1,868,624 

1  .A  A 

1  94 

22,194 

1-19 

O  A 

1,948,544 

2-37 

230,343 

T66 

O  1  TO  OOr 

Z,l/0,ob/ 

227 

2  i,ydd 

1  14 

do 

2,017,805 

2-45 

O  A  f*  A  f  r\ 

24b,4o0 

I'll 

O          1  OX  X 

Z,Zbl,2oO 

o.ox 

2  do 

OA  O  IQ 

zy,o4d 

i  .00 
1  62 

0£3 
DO 

1,978,497 

2-41 

OA  H  O  C  Ci 

29 /,8b2 

2*14 

0  oTf*  0  xo 
Z,2  /  b,doy 

2*3/ 

Q  A  fl'TQ 

d4,y /O 

1  o4 

37 

1,965,905 

239 

264,182 

1-90 

2,230,087 

0.00 
2  dZ 

43,599 

1-96 

12  60 

9-29 

11-87 

38 

2,065,813 

251 

247,157 

1-78 

2,313,000 

0.11 
2  41 

50,381 

2-18 

on 

2,092,710 

2-54 

O  O      T  A  I 

2do,704 

1  .  H(~\ 

1  70 

Z,dZo,414 

2-42 

CA  QOQ 

oUjoyz 

O.T  A 

2  iy 

40 

2,259,972 

2-75 

190,8o8 

1  .  OT 

1-37 

0  <  X  A  0  q  n 
Z,4oU,odu 

2  DD 

QO£ 

0 .  X  0 

2*52 

41 

2,169,404 

2-64 

0  f\  O      0  r* 

398, 73  0 

2'87 

O  X Ct O  1  'Jfl 

Z,5bo,l^y 

2  67 

bb,4Zo 

z  *oy 

42 

2,194,983 

2-67 

356,991 

257 

2,551,977 

2  bo 

67,756 

2-66 

13*54 

11-97 

13-31 

43 

2,236,307 

2-72 

327,709 

236 

2,564,016 

Z  b7 

85,325 

333 

(  A 

44 

2,271,034 

2-76 

0  o  a  r*  r*  0 

389,bo8 

2*80 

O  f'AO 

z,bbJ,byZ 

2-77 

ob,lby 

0.0  \ 
6  2  1 

45 

2,330,464 

2-83 

289,165 

2*08 

0  f  i  a  £?oo 
Z,biy,bzt 

212 

y/,bdo 

6/6 

4b 

2,415,875 

2-94 

38/,9db 

2'79 

O  OAQ  CI  Q 

Z,oUd.olo 

n  net 

2*92 

TAX  OAA 

iuo,yyy 

O  .TO 

0/0 

47 

2,284,587 

2-78 

354,354 

2-55 

2,638,941 

Cl.H  t 

2'/4 

113,090 

4-29 

14'05 

12-88 

13-88 

48 

2,213,429;  2-69 

380,514 

2-74 

2,593,943 

2'70 

121,337 

4-6  > 

49 

2,309,890!  2-81 

378,420 

2*72 

0  £joo  oin 
Z,b88,dlU 

2-80 

1  op  A  A  ) 

A  .HCi 

4*72 

50 

2,211,536 

2-69 

471,349 

3*39 

O  £?QO  oox 

Z,b8Z,88o 

279 

1  OO  AIT 

idb,yn 

X .  1  A 

5  10 

51 

2,210,094:  2-69 

413,999 

2*98 

O  0-~>  A  A  AO 

Z,b24,0yd 

273 

i  r'A  To 
lb0,/8o 

b  13 

52 

2,220,004:  2-70 

299,385 

2-15 

2,519,389 

2-62 

162,179 

6*44 

13*12 

1392 

13-23 

53 

2,119,770 

2-58 

458,537 

330 

2,578,307 

2*68 

163,537 

634 

54 

2,021,382'  2-46 

292,415 

2*10 

>1   O  1  O  l~  AT 

2,313, /9/ 

211 

1     n  AAA 

1  /  7,000 

7  60 

55 

1,960,225  2-38 

387,008 

2-78 

2,347,233 

211 

188,257 

8'02 

;  06 

1,846,378 

2-24 

40 1,559 

2-91 

2,250,937 

2-34 

178,610 

N  ft 

7  93 

57 

1,693,186 

2-06 

317,888 

2*29 

2,011,074 

2-09 

171,781 

8-5  1 

1072 

12-75 

1102 

1,612,887 

1-96 

ACS  i  fii(\ 

—  OL 

0  01  7  ">dd 

210 

1S8  540 

t  '  IIU 

59 

1,707,656 

2-08 

260,024 

1-86 

1,967,680 

2-05 

187,643 

9-51 

60 

1,512,469 

1-81 

244,312 

1-76 

1,756,78] 

1-83 

176,114 

1002 

61 

1,358,128 

1-65 

179,058 

1-29 

1,537,186 

1-60 

179,799 

11-70 

62 

1,342,619 

1-63 

264,243 

1-90 

1,606,862 

167 

192,821 

12-00 

7-86 

9-27 

S-07 

63 

1,179,491 

1-43 

412,731 

2-97 

1,592, 225 

1-66 

184,765 

11-60 

64 

1,075,315    1  31 

188,156 

1-35 

1,263,171 

1-31 

178,995 

11-17 
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Age. 

With 
Profits. 

Per- 
centage 

of 
Total. 

Without 
Profits. 

Per- 
centage 

of 
Total. 

Total. 

Percentage 
of  Total. 

Bonuses. 

Per-cent 
of  Bonus 
on  Total 

Sum 
Assured. 

Percentage  of  Total  Sum 
Assured  at  Risk. 

65 
66 
67 
68 
69 

£ 

1,039,905 
1,064,081 
903,862 
769,526 
765,411 

1-26 
1-29 
1-10 
•94 
•93 

£ 

209,902'  1-51 
236,6S3;  1-70 
165,199,  1-19 
157,001!  1-13 

154,624'  1-11 

I 

£ 

1,249,807 
1,300,761 
1,069,061 
926,527 
920,035 

1-30 
1-35 
111 
•96 
•96 

£ 

178.042 
190,962 
163,532 
151,146 
161,013 

14-25 

14-  68 

15-  30 

16-  31 

17-  50 

With. 

5-52 

Without. 

6-64 

With  and 
Without. 

5-68 

71 

72 

73 
74 

730,788 
617,096 
630.095 
474,828 
442,800 

•89 
•75 
•77 
•58 
•54 

235,348 
182,208 
124,739 
168,476 
127,121 

1-69 
1-3] 

•90 
1-] 

•91 

966,136 
799,304 
754,834 
643,304 
569,921 

1-00 
•83 
•79 
•67 
•59 

165,113 
124,737 
138,217 
117,861 
118,039 

17-  09 
15-61 

18-  31 
18-32 
20-71 

3-53 

602 

3-88 

75 
76 
77 
78 
79 

403,730 
265,909 
295,571 
224,729 
154,408 

•49 
•32 
•36 
•27 
•19 

146,279 
131,933 
69,062 
48,802 
57,044 

1-05 
•95 
•50 
•35 
•4] 

550,009 
397,842 
364,633 
273,531 
211,452 

•57 
•41 
•38 
•28 
•22 

108,658 
65,090 
89,977 
61,910 
43,655 

19-  76 
16-36 
24-68 
22-63 

20-  65 

1-63 

3-26 

1-86 

80 
81 

82 
83 
84 

181,96* 
123.019 
94,298 
93,180 
57,999 

•22 
•15 
•11 
•11 
•07 

53,179 
45,253 
45  483 

t»J,  ruu 

29,349 
9,925 

•38 
•33 

•21 
•07 

235,147 
168,272 
139,781 
122,529 
67,924 

•24 
•18 
•15 
•14 
•07 

49,395 
35,279 
29,787 
208,31 
19,524 

21-01 

20-  97 

21-  31 
17-00 
28-74 

•66 

1-32 

•78 

85 
86 
87 
88 
89 

48,914 
21,300 
22,849 
22,498 
8,300 

•06 
•03 
•03 
•03 
•01 

13,631 
7,889 
8,000 
9,390 
3,175 

•10 
•06 
•06 
•07 
•02 

62,545 
32,189 
30,849 
31,888 
11,475 

•07 
•03 
.03 

Uo 

•01 

16,618 
8,923 
6,399 
9,805 
2,231 

26-  57 

27-  72 
20-74 
30-75 
19-44 

90 
yi 
92 
93 
94 

12,750 

o,lUU 

1,300 
6,000 
1,000 

•02 
•01 

100 
4,700 
300 

•03 

12,850 
1 9  son 

1,600 
6,000 
1,000 

•01 
•01 

•01 

2,939 

318 
2,851 
412 

22-87 

OJL  /  O 

19-88 
47-52 
41-20 

•20 

•34 

•20 

95 
97 
101 

250 

... 

100 

300 

100 
250 
300 

::: 

119 

47-60 

82,249,631 

... 

13,904,634 

96,154,265 

5,967,601 

6-21 

100- 

100- 

100- 

Before  making  any  comparison  between  these  results  and  those 
of  Table  1,  it  will  be  well  to  call  attention  to  two  or  three  points 
in  reference  to  them.  In  the  first  place,  the  sums  stated  are  in 
general  not  less  reassurances;  and  in  the  second  place,  a  difference 
of  practice  also  will  be  found  in  dealing  with  lives  not  accepted  at 
the  ordinary  rate,  some  offices  giving  the  lives  at  their  true  age, 
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and  treating  the  addition  to  the  premium  as  an  extra  premium, 
while  other  offices  have  given  the  lives  at  their  rated-up  ages, 
whereas  the  figures  of  Table  1  are  deduced  from  lives  accepted  at 
the  tabular  rate  of  premium. 

The  following  table  shows  the  percentage  of  the  total  sum 
assured  at  risk  for  every  group  of  5  ages,  according  to  Table  1  and 
according  to  Table  2. 

Table  S.—Shotving  percentage  of  Total  Sum  Assured  at  risk  at 

various  Present  Ages. 


According  to 

According  to  Board 

Ages. 

Institute  experience 

of  Trade  Returns 

(Lives). 

of  19  Offices. 

20-24 

2-25 

1-63 

25-29 

771 

5-26 

30-34 

12*41 

9-34 

35-39 

1457 

11-87 

40-44 

1536 

1331 

45-49 

14-25 

13-88 

50-54 

11-44 

13-23 

55-59 

8-50 

1102 

60-64 

619 

8-07 

65-69 

385 

5-68 

70-74 

206 

3-88 

75-79 

•96 

1-86 

80-84 

•36 

•77 

85  &  upwards 

•09 

•20 

100- 

100- 

A  comparison  of  these  results  certainly  tends  to  show  that, 
assuming  the  lives  to  enter  at  the  various  ages  in  the  proportions 
indicated  by  the  Institute  experience,  the  further  assumption  that 
they  all  assure  for  the  same  amount  on  the  average,  irrespective 
of  age,  would  not  be  borne  out  by  the  figures.  Thinking  it  possible 
that  the  reassurances  may  have  some  effect  on  the  results,  it  was 
thought  desirable  to  have  recourse  to  the  Board  of  Trade  returns 
again,  and  take  out  the  amounts  of  the  reassurances  at  the  various 
ages,  and  these  are  given  in  the  following  table : — 
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Table  4. —  Whole-Life  Reassurances — Board  of  Trade  Returns 

of  19  Offices. 


Present 
Ages. 

1 

Reversionary 
Bonus. 

Sums  Assured 
(With  and  Without 
Profits). 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80  &  uprds. 

£ 

814 
1,070 
10,241 
11,877 
19,816 
32,592 
50,584 
56,989 
34,062 
22,747 
29,475 
3,808 
518 

£ 

127,650 
212,775 
389,664 
561,925 
860,252 
903,230 
799,885 
848,150 
458,600 
192,225 
172,525 
74,250 
13,950 

274,593 

5,615,081 

After  deducting  these  from  the  amounts  given  at  the  corres- 
ponding ages  in  Table  2,  we  get  the  following  as  the  net  total 
sums  at  risk  for  groups  of  five  ages. 


Table  5. — Board  of  Trade  Returns  of  Id  Offices — Whole  Life — 
With  and  Without  Profits. 


Present 

Ages. 

Total  Sum 
Assured. 

| 

Reassur- 
ances. 

Net  Sum 
Assured. 

Per- 
centage 
of  Total. 

Rever-  • 

sionary 

Bonus. 

Reassur- 
ances. 

Net  Rever- 
sionary 
Bonus. 

£ 

£ 

£ 

£ 

£ 

£ 

20-24 

1,577,821 

127,650 

1,450,171 

1-60 

4,240 

814 

3,426 

25-29 

5,051,470 

212,775 

4,838,695 

5-35 

19,670 

1,070 

-18,600 

30-34 

8,968,457 

389,664 

8,578,793 

9*48 

86,352 

10,241 

76,111 

35-39 

11,412,115 

561,925 

10,850,190 

11-98 

209,693 

11,877 

197,816 

40-44 

12,795,654 

860,252 

11,935,402 

13-18 

367,502 

19,816 

347,686 

45-49 

13,344,636 

903,230 

12,441,406 

13-75 

564,965 

32,592 

532,373 

50-54 

12,718,471 

799,885 

11,918,586 

13-16 

800,410 

50,584 

749,836 

55-59 

10,594,457 

848,150 

9,746,307 

10-76 

914,831 

56,9S9 

857,842 

60-6 1 

7,756,525 

458,600 

7,297,925 

8-07 

912,494 

34,062 

878,432 

65-69 

5,166,194 

192,225 

5,273,969 

5-82 

844,695 

22,747 

821,948 

70-74 

3,733,499 

172,525 

3,560,974 

3-93 

663,967 

29,475 

634,492 

75-79^ 

1,797,467 

74,250  1,723,217 

190 

369,290 

3,808 

365,482 

80-84 

733,653 

9,950 

723,703 

•80 

154,816 

518 

154,298 

85-89 

168,946 

1.000 

167,9  16 

•19 

43,976 

43,976 

90-94 

34,250 

3,000 

31,230 

•03 

10,581 

10,581 

95-99 

650 

650 

119 

119 

96,154,265 

5,615,081 

90,539,184 

5,967,601 

274,593 

5,693,008 

If  now  we  proceed  to  endeavour  to  make  the  figures  given  by 
the  Institute  experience,  agree  with  these,  it  will  be  seen  that  it  is 
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necessary  to  make  some  assumption  as  to  the  amount  of  the  policy 
depending  upon  the  age  at  the  time  of  its  being  effected.  For 
this  purpose  it  will  be  sufficient  to  take  the  various  groups  of  ages 
at  entry,  20-29,  30-39,  &c. 

Taking,  then,  the  73,101  lives  of  Table  1,  we  get  the  following 
results. 

Table  6. — Institute  Experience,  Healthy  Males — Total  Sim  Assured 
at  risk  at  various  Present  Ages,  classified  according  to  Ages  at  Entry. 

Present  Ages. 


Entry. 

20-29 

30-89 

40-49 

50-59 

60-09 

70-79 

Upwards. 

20-29 

7,276 

9,260 

3,907 

1,210 

376 

35 

6 

30-39 

10,441 

12,038 

5,299 

1,857 

437 

20 

40-49 

5,713 

6,079 

2,631 

699 

86 

50-59 

1,996 

1,996 

685 

129 

60-69 

469 

327 

71 

70- 

34 

24 

7,276 

19,701 

21,658 

14,584 

7,329 

2,217 

336 

whereas  the  corresponding  totals  at  present  ages  given  by  Table  5 
would  be 

|  5,084  |  15,688  1  19,679  1  17,487  |  10,155  j  4,262     746  | 

If  we  assume,  taking  1  as  our  standard  policy,  that  those  who 

enter  between  20-29  assure  for  '70 

30-39  „  883 

40-49  and  upwards        „  1*486 

then  Table  6  would  take  the  following  form. 

Table  7. — Existing  Bums  assured  at  risk  —  Institute  Experience, 
Healthy  Males  —  on  assumption  of  Sum  assured  varying  with 
Age  at  Entry. 


Ages  at 
Entry. 

Present  Ages. 

20-29 

30-39 

40-49 

50-59 

60-09 

70-79 

Upwards. 

20-29 
30-39 
40-49 
50-59 
60-69 
70- 

5,093 
... 

6,482 
9,219 

2,734 
10,630 
8,489 

847 
4,680 
9,032 
2,966 

263 
1,6-10 
3,909 
2,906 

697 

24 
386 
1,039 
1,018 
486 
50 

4 
18 
128 
192 
105 
36 

5,093 

15,701 

21,853 

17,525 

9,475 

3,003 

438 
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This  would  give  us  the  following  proportions  of  sums  assured  at 
risk  at  the  various  ages  : — 


Present 
Ages. 

Percentage  of 
Total  Sum  at  risk, 

on  assumption 
of  Sum  Assured 

varying  with 

Age  at  Entry. 

Percentage 
according  to 
Table  1. 

20-29 
30-39 

Af\  ACi 

4U-4y 
50-59 
60-69 
70-79 
80  &  upwards 

6-97 
21-47 

23-96 
1295 
411 
•66 

695 
21-46 
— o  yz 
23-93 
13-89 
5-83 
1-02 

100- 

100- 

It  will  be  seen  that  although  these  percentages  agree  fairly 
well  with  those  obtained  from  the  Board  of  Trade  returns,  yet  at 
ages  40-49,  and  ages  beyond  60,  there  is  a  sensible  difference,  and 
on  the  whole  the  results  cannot  be  considered  quite  satisfactory. 
When  we  come  to  consider  the  reasons  why  the  proportion  of  the 
sums  at  risk  at  the  various  ages,  as  given  by  the  Institute  expe- 
rience, do  not  agree  with  the  results  given  by  the  Board  of  Trade 
returns,  several  disturbing  causes  will  at  once  occur  to  us.  One 
cause  is  undoubtedly  the  existence  of  duplicate  policies,  that 
is,  that  whereas  in  the  Institute  experience  only  one  policy  is 
considered  as  attaching  to  each  life,  we  know,  as  a  matter  of 
fact,  in  practice  this  is  not  so,  as  in  many  cases  large  assurances 
on  a  life  are  effected  simultaneously  by  policies  in  a  number  of 
offices,  and  in  other  cases  a  person  on  whose  life  a  policy  has  been 
effected  with  an  office  years  ago,  will  effect  a  further  assurance, 
either  in  the  office  in  which  he  is  already  assured  or  in  another 
office.  There  are  many  persons,  moreover,  who  on  the  principle 
of  not  having  all  their  eggs  in  one  basket  will  simultaneously  take 
out  policies  in  more  than  one  office.  All  these  cases  would  combine 
in  making  the  results  of  the  Institute  experience  differ  from  those 
given  by  the  Board  of  Trade  returns.  Another  cause  is  that 
already  mentioned,  namely,  that  whereas  the  Board  of  Trade  returns 
relate  only  to  whole  life  assurances,  the  Institute  experience  includes 
not  only  whole  life  risks,  but  term  assurances,  endowments,  endow- 
ment assurances,  contingent  assurances,  &c.  A  further  cause  is 
the  fact  previously  stated,  that  rated-up  or  diseased  lives  are 
included  in  the  Board  of  Trade  returns,  and  this  would  have  the 
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result  of  increasing  the  percentage  at  risk  at  the  older  ages,  as 
compared  with  that  at  the  younger  ages.  The  assumption  that 
lives  entering  at  the  older  ages  assure  on  the  average  for  larger 
amounts  than  those  entering  at  the  younger  ages,  although  not 
in  itself  an  unreasonable  one,  does  not,  as  has  been  shown,  enable 
us  to  establish  an  agreement  between  the  Institute  experience 
and  the  Board  of  Trade  returns  without  a  somewhat  exaggerated 
use  of  the  assumption,  and  in  the  face  of  the  disturbing  causes 
just  mentioned,  we  can  readily  understand  the  reason  for  this. 

As  in  taking  out  the  necessary  facts  from  the  Board  of  Trade 
returns  each  office  had  to  be  separately  dealt  with,  and  as  some  of 
the  results  might  prove  to  be  of  sufficient  interest  to  preserve,  the 
offices  were  grouped  into  two  classes 

A.  Offices  contributing  their  experience  both  to  the  Institute 

of  Actuaries,  and  to  the  Joint  Committee  of  the  Scottish 
Managers'  Association  and  the  Faculty  of  Actuaries. 

B.  Offices  contributing  their  experience  only  to  the  Institute 

of  Actuaries. 

The  following  tables  afford  opportunity  for  some  interesting 
comparisons,  which,  if  they  serve  no  other  purpose,  illustrate  the 
difficulties  surrounding  the  determination  of  an  average  office. 

Of  course  it  is  to  be  distinctly  borne  in  mind  how  various  are 
the  constitutions  of  the  offices  included  under  both  classes. 
In  each  group  there  are  offices  doing  a  special  class  of  business, 
and  having  distinguishing  features  as  regards  the  distribution  of 
profits ;  but  as  between  Class  A  and  Class  B  many  of  these  special 
features  will  pretty  well  balance  one  another,  and  it  may  be  very 
safely  accepted  that  on  the  average  the  various  differences  here 
brought  out  are  not  far,  practically,  from  the  truth.  One  point  is 
well  brought  out,  at  any  rate,  and  that  is  that  the  distribution  of  the 
risks  in  Classes  A  and  B  differs  materially,  the  latter  showing 
unmistakeably  a  larger  proportion  at  risk  at  the  older  ages  than  the 
former,  which,  as  we  should  be  led  to  suppose,  goes  much  closer  to 
the  proportions  of  the  combined  risks  than  the  former.  Any  dis- 
cussion bearing  on  this  point  would  be  quite  out  of  place  in  a  paper 
like  the  present,  and  it  will  be  sufficient  on  this  occasion  merely 
to  point  out  the  fact.  As  regards  the  amount  of  the  reversionary 
bonus  additions,  it  is  quite  certain  that  it  affords  in  itself  no 
criterion  whatever  as  to  the  profits  made  by  the  various  com- 
panies. The  true  test  of  this  is  of  course  the  actual  surplus 
appropriated  for  division  covpled  with  the  data  and  method  used 
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in  the  determination  of  the  said  swylus.  The  figures  before  us 
must  only  be  taken  as  some  indication  of  the  proportions  in  which 
policyholders  exercise  the  option  of  a  reversionary  bonus  addition. 


Table  8. — Showing  the  sums  assured  at  risk,  as  per  Tahle  2,  divided 

into  Classes  A  and  B. 


Class  A  (10  Offices). 

Class  B  (9  Offices). 

Present 
Ages. 

Whole  Life  Assurances.— Sums  Assured. 

Whole  Life  Assurances. — Sums  Assured. 

With 
>>  1 1  11 

Profits. 

Wit  limit 

>>  I l III M I L 

Profits. 

Rever- 
sionary 
Bonus. 

With 
V\  1  LI L 

Profits. 

Withmit 

Profits. 

Rever- 
sionary 
Bonus. 

20-24 
25-29 
30-34 
35-39 
40-14 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
•  85-89 
90&uprds. 

£ 

1:039,054 
3,107,314 
5,900,854 
7,293,248 
7,941,625 
8,099,118 
7,452,509 
6,226,614 
4,301,308 
2,866,318 
1,681,753 
733,673 
238,671 
53,839 
9,000 

£ 

148,728 
340,753 
568,125 
702,811 
972,939 
1,037,936 
1,077,747 
1,059,431 
759,845 
466,412 
475,681 
242,107 
70,267 
13,261 
700 

~T~ 
3,160 
14,878 
64,117 
150,990 
272,984 
407,004 
612,157 
737,240 
745,255 
683,234 
531,970 
283,863 
104,754 
29,624 
4,460 

£ 

324,945 
1,078,810 
2,131,345 
2,827,512 
3,l90,07o 
3,455,127 
3,330,277 
2,593,688 
2,166,714 
1,676,437 
1,210,854 
610,674 
311,793 
73,022 
20,400 

£ 

65,094 
224,593 
368,133 
588,544 
691,015 
752,455 
857,93H 
714,691 
528,658 
456,997 
362,211 
211,013 
112,922 

28,824 
4,800 

£ 

1,080 
4,792 
22,235 
58,703 
94,518 
157,961 
188,253 
177,591 
167,239 
161,461 
131,997 
85,427 
50,062 
14,352 
6,240 

Deduct 

57,247,958 
*2,425,549 

7,936,743 
793,588 

4,645,690 
167,270 

25,001,673 
1,731,379 

5,967,891 
1,073,796 

1,321,911 
83,133 

54,822,409 

7,143,155 

4,478,420 

23,270,294 

4,894,095 

1,238,778 

No.  of  I 
Policies  ( 

102,446 

8,277 

31,783 

5,548 

Average  ^ 
amount  > 
of  Policy  j 

£534 

! 
1 

£863 

• 

£560 

(with  and 
without.) 

£732 

£882 

£754 

(with  and 
without.) 

The  first  thing  to  be  noticed  in  this  table  is  the  remarkable 
difference  in  the  proportion  of  the  without-profit  business  to  the 
with-profit.  In  Class  A  the  with-profit  business  is  about  7f  times 
the  without-profit  as  regards  the  amount  assured,  whereas  in  Class 
B  it  is  about  4f  times.  The  number  of  with-profit  policies  in 
Class  A  is  to  the  number  of  without-profit  policies  as  102  to  8,  or 
about  12£  to  1,  whereas  in  Class  B  it  is  as  5f  to  1.  The  average 
in  amount  of  the  with-profit  policies  in  Class  A  is  £534,  wrhile  in 


*  The  sums  here  deducted  are  those  relating  to  offices  which  did  not  furnish 
particulars  as  to  the  number  of  policies  in  force. 

v  2 


204 


A  Comparison  of  various  Methods  of 


[April 


Class  B  it  is  £7S2,  whereas  the  average  amount  of  the  without- 
profit  policies  is  nearly  the  same  in  both  classes;  and  whereas  the 
average  policy  (with  or  without  profits)  is  £560  in  Class  A,  it  is 
£754  in  Class  B,  or  about  35  per-cent  greater. 


Table  9. — Showing  the  Premiums  payable,  corresponding  to  the 
Sums  Assured,  given  in  Table  8. 


Class  A  (10  Offices). 

Class  B  (9  Offices). 

Present 
Ages. 

Whole  Life  Assurances. 

Whole  Life  Assurances. 

Premiums 
With 
Profits. 

Average 
Premium 
per  cent. 

Premiums 
Without 
Profits. 

Average 
Premium 
per-cent. 

Premiums 
With 
Profits. 

Average 
Premium 
per-cent. 

Premiums 
Without 
Profits. 

Average 
Premium 
per-cent. 

20-24 
25-29 
30-34 
35-39 

An   A  A 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

8084 

8589 

90&uprds. 

20,943 
74,720 
139,992 
187,260 
220,508 
243,425 
240,451 
216,050 
158,590 
112,669 
68,113 
32,038 
11,807 
2,478 
500 

2-015 
2*193 
2-372 

2-  568 
2777 

3-  005 
3226 
3470 

3-  687 
3931 

4-  043 
4-367 
4-936 

4-  603 

5-  555 

2,545 
6,591 
12,030 
16,585 
25,586 
30,548 
35,074 
40,445 
35,032 
21,274 
22,642 
13,218 
3,966 
832 
46 

1-711 

1-  934 

2-  117 
2  360 
2-630 

2-  943 

3-  254 

3-  818 
4610 
4561 

4-  760 

5-  417 
5644 

6-  274 

6,384 
23,324 
50,354 
72,214 
89,272 
105,612 
109,798 
91,256 
83,962 
64,731 
50,178 
25,229 
13,177 
3.33f> 
1,395 

1-  965 
2161 

2362 

2-  555 

2-  798 
3057 

3-  297 
3-517 
3-874 

3-  862 
1-144 
4131 

4-  227 
4569 
6-923 

1,165 
4,423 
7,852 
13,881 
18,884 
22,264 
27,932 
25,050 
20,138 
18,602 
16,059 
9,323 
6,842 
1,493 
488 

1-790 

1-  969 

2-  133 
2-359 

2-  732 

2  959 

3  256 

3-  505 

3-  811 

4-  070 
4434 

4-  419 
6061 

5-  181 
9-936 

1,729,544 

3021 

266,414 

3-357 

790,222 

3-161 

194,396 

3-257 

The  above  table  gives  a  summary  of  the  premiums  payable  on 
the  sums  assured,  particulars  of  which  are  given  in  Table  8.  It 
will  be  noticed  that  whereas  the  average  with-profit  premium  in 
Class  A  is  3*021  per-cent,  that  in  Class  B  is  3*161,  and  that  the 
average  without-profit  premiums  are  3*357  and  5*257  per-cent 
respectively.  Of  course,  in  dealing  with  these  figures,  it  must  not 
be  forgotten  that  there  are  many  circumstances  which  affect  any 
comparisons  that  may  be  made.  Among  others,  may  be  mentioned 
the  application  of  bonus  to  the  reduction  of  premium,  and  the 
assurances  by  way  of  single  premium,  so  that  in  any  deductions 
drawn  from  the  above  table  these  points  must  be  borne  in  mind. 
Assuming  that  the  application  of  bonus  to  the  reduction  of  premium 
does  not  largely  affect  these  figures,  it  will  be  seen  that  the  common 
practice  of  considering  the  average  premium  payable  as  about  o  per- 
cent is  not  very  wide  of  the  mark.    The  assurances  affected  on 
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the  without-profit  scale  would  not  probably  be  subject  to  so  many 
disturbing  influences  as  regards  the  premium  payable,  and  it  is 
noteworthy  how  closely  the  without-profit  premium  agrees  in  the 
List  class  so  far  as  about  present  ages  50-54.  For  older  ages  the 
without-profit  premiums  in  Class  A  give  a  larger  average  per-cent 
than  those  in  Class  B,  and  it  is  not  easy  to  say  how  this  arises.  It 
may  be  that  the  without-profit  business  in  Class  B  is  of  older 
standing  than  that  of  Class  A,  and  this  probably  is,  to  a  great 
extent,  true,  but  it  may  be  that  the  business  of  Class  A  contains  a 
great  deal  more  of  assurances  on  rated-up  lives.  Whatever  the 
cause  may  be,  however,  the  fact  itself  is  none  the  less  worthy  of 
notice. 

The  following  table  gives  particulars  of  the  reassurances  of  the 
two  classes : — 

Table  10. —  Giving  particulars  of  the  'Reassurances  of  Classes  A  and 

B.    (See  Table  8.) 


Present 
Ages. 


20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85-89 
90  &uprds 


Class  A. 


Reassurances. 


Sums  Assured 
With  &  Without 
Profits. 

Percentage  of 
Total  at  Risk 
at  same  Ages. 

Premiums 
Payable. 

£ 

£ 

94,650 

7-97 

1,841 

162,900 

4-35 

3,246 

i  227,014 

3-51 

5,209 

333,625 

4-17 

7,675 

572,252 

6-42 

16,254 

590,780 

6-47 

18,751 

!  556,784 

6*53 

19,098 

;  631,453 

8-67 

24,029 

379,400 

7-50 

18,188 

142,725 

4*28 

7,053 

166,125 

7-69 

8,242 

68,350 

7*00 

4,070 

7,950 

•26 

521 

3,934,008 

6-04 

136,177 

Class  B. 


Reassurances. 


Sums  Assured 
With  &  Without 
Profits. 


£ 

33,000 
49,875 
162,650 
228,300 
288,000 
312,450 
243,101 
216,697 
79,200 
49,500 
6,400 
5,900 
2,000 
1,000 
3,000 


Percentage  of 
Total  at  Risk 
at  same  Ages. 


1,681,073 


8-46 
383 
651 
6-68 
7'42 
7*43 
5-80 
6'55 
294 
2-32 
•41 
•72 
•47 
•99 
1-22 


5-43 


Premiums 
Payable. 


£ 

611 

996 
3,714 
5,355 
8,343 
10,250 
8,631 
8,793 
3,723 
2,591 
455 
457 
304 
58 
405 


54,686 


This  table  would  seem  to  indicate  that  in  Class  A  the  system  of 
reassurance  is  more  extensively  carried  on  than  in  Class  B.  The 
average  premiums  per-cent  on  the  reassurances  of  Class  A  and 
Class  B  are  3*462  and  3*253  respectively. 

Grouping  now,  the  with  and  without  profits  together  in  each 
class,  the  following  table  shows  the  proportions  at  risk  at  the  various 
present  ages. 
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Table  11. — Showing  the  proportion  of  the  Total  Sum  Assured  at  risk 
at  the  various  ages.     {See  Table  8.) 


Present 

Class  A. 

Class  B. 

Classes  j 

V  AND  B. 

Ages. 

Without 

After 

Without 

After 

Without 

After 

* 

deducting 

deduction  of 

deducting 

deduction  of 

deducting 

deduction  of 

Rea  s  suranc  e  s . 

Reassurances. 

H  "assurances. 

Reassurances. 

I\»  assurances. 

Reassurances. 

zO-24 

1-82 

1-78 

1-26 

1-22 



i  DO 

i  -fin 

Zd-Zv 

575 

5-85 

4-21 

4-28 

o 

0  oO 

Of\    O  A 

9-92 

10-19 

8-08 

7-98 

y  o4 

&  4<o 

Q  K  OCi 

oo-ov 

12-27 

12-51 

11-03 

10-88 

11  O/ 

1 1  -Qft 
1 1 

A  A    A  A 
4U~ 44 

13-68 

13-62 

12-53 

12-27 

lo  Ol 

1  *M  8 

az.  a n 

14-02 

1395 

13  59 

13-31 

lo  CO 

50-54 

13-09 

13-02 

13-52 

13-47 

13-23 

1316 

11-18 

10-86 

10-68 

1055 

1 1  -02 

J-  X  \J*J 

10-76 

60-64 

776 

7*64 

8*70 

8-95 

8-07 

8-07 

65-69 

5-11 

5-21 

6-89 

7*12 

5-68 

5-82 

70-74 

3-33 

3-25 

5-08 

5-34 

3-88 

3-93 

75-79 

1-50 

1-48 

2-65 

2-78 

1-86 

1-91 

80-84 

•47 

•51 

1-37 

1-44 

•77 

•80 

85-89 

10 

•11 

•33 

•34 

•20 

•19 

90&uprds. 

•02 

•08 

•07 

•03 

100- 

100- 

100- 

100- 

100- 

100- 

This  investigation  had  been  carried  thus  far,  when,  acting  on  a 
suggestion,  for  which  I  have  to  thank  my  friend  Mr.  R.  P.  Hardy, 
one  of  the  Honorary  Secretaries  of  this  Institute,  it  was  found 
that  the  experience  of  the  ten  contributing  Scotch  offices  had 
been  taken  out  in  such  a  form  that  it  was  possible  to  ascertain 
therefrom  the  actual  sums  assured  at  risk  on  31  Dec.  1863,  for 
healthy  males  and  females,  whole  life,  with  and  without  profits, 
together  with  the  respective  present  ages,  and  ages  at  entry. 
Accordingly,  to  test  the  accuracy  of  the  above  conclusions,  appli- 
cation was  made  to  Mr.  James  Meikle,  of  the  Scottish  Provident 
Institution,  by  whom  the  experience  of  the  ten  Scotch  offices  was 
taken  out.  A  large  portion  of  this  experience  has  been  published 
in  a  volume,  entitled  "  Report  by  the  Joint  Committee,  Appointed 
u  by  the  Managers'  Association  of  the  Life  Assurance  Offices  in 
"  Scotland,  and  the  Faculty  of  Actuaries  in  Scotland,  to  collect 
"  the  Statistics  of  the  Mortality  Experience  of  the  Scottish  Life 
"  Assurance  Offices  to  31  December  1863",  and  dated  May  1869, 
and  Mr.  Meikle,  with  extreme  kindness  and  courtesy,  took  the 
trouble  to  furnish  me  with  particulars  of  the  sums  assured,  with 
the  ages  at  which  the  assurances  were  taken  out,  and  the  ages  at 
31  Dec.  1863.    The  following  is  a  summary  of  the  particulars  : — 
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Table  12. — Scottish  Life  Assurance  Offices1  Mortality  Experience 

to  31  December  1863. 


Sums  Assured-  -Healthy 

Males  and  Females— With 

and  Without  Profits. 

Ages 

Present 

at  Entry. 

\  QQ11V1 Tl  PPG 

No.  of  Lives 

Assurances 

"Pprppnt.n  ctp 

Ages. 

effected. 

entering. 

existing, 
31  Der  1863 

of  Total. 

£ 

£ 

20-24 

2,961,550 

5,415 

649,040 

1-52 

20-24 

25-29 

7,195,290 

12,134 

2,382,280 

5-59 

25-29 

30-34 

8,842,590 

13,381 

4,411,100 

10-35 

30-34 

35-39 

8,251,360 

10,/ 04 

5,839,590 

13-70 

35-39 

40-44 

6,622,450 

7,714 

6,385,210 

1499 

40-44 

45-49 

4,141,100 

4,901 

6,630,820 

15-56 

45-49 

50-54 

2,590,770 

2,808 

5  478  580 

12-36 

50-54 

55-59 

jl,o±u,u/u 

1,363 

4,151,970 

55-59 

60-64 

552,300 

572 

3,092,310 

7-25 

60-64 

65-69 

131,710 

159 

1,978,280 

4-64 

65-69 

70- 

7,280 

1,029,600 

2*42 

70-74 

415,710 

•98 

75-79 

174,950 

•40 

80-92 

42,619,470 

59,154 

42,619,470 

100- 

It  should  be  stated  that  where  a  policy  was  for  a  larger  amount 
than  £10,000,  it  has  been  reckoned  as  for  £10,000.  The  effect  of 
this  would  be  to  eliminate  to  a  great  extent  the  reassurances.  Of 
the  total  assurances  here  given,  those  in  their  first  year  of  duration 
are  given  in  the  following  table  :— 


Table  13. — Scottish  Life  Assurance  Offices7  Mortality  Experience 

to  31st  December  1863. 


Ages  at 
Entry. 

Assurances  effected 

in  Year  ending 
31  Dec.  1863,  and 
existing  at  same 
date. 

Percentage  of 
Total. 

Assurances  existing 
31  Dec.  1863. 

Percentage  of 
Total. 

£ 

£ 

20-24 

288,560 

7-47 

2,964,550 

696 

25-29 

659,6  0 

1705 

7,195,290 

16-88 

30-34 

717,080 

1933 

8,842,590 

20-75 

35-39 

747,550 

1934 

8,261,360 

19*38 

40-44 

567,270 

1468 

6,022,450 

15-54 

45-49 

416,290 

10-77 

4,141,100 

9-72 

50-54 

227,930 

5-89 

2,590,770 

6-08 

55-59 

123,580 

3-20 

1,310,070 

3-07 

60-61 

67,110 

1-74 

552,300 

1-30 

65-69 

20,260 

•53 

131,710 

•32 

3,865,310 

100- 

42,619,470 

100- 

From  this  table  it  will  be  seen  that  when  the  aggregate  sum 
assured  at  31  Dec.  1863,  is  apportioned  according  to  ages  at  entry, 
the  amounts  corresponding  to  the  various  ages  at  entry  differ  but 
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little  in  their  proportions  to  one  another  from  the  proportions  in 
which  they  are  found  to  enter  in  the  year  1863.  This  would  seem 
to  indicate  that  although  the  rate  of  mortality  increases  with  the 
age,  the  rate  at  which  policies  go  off  the  books  by  death,  lapses, 
or  surrenders,  would  appear  to  be  pretty  constant  at  all  ages.  In 
other  words,  as  the  rate  of  mortality  increases,  the  rate  of  lapsing 
(by  surrenders  or  otherwise)  decreases,  and  it  is  by  no  means  self- 
evident  that  this  conclusion  is  altogether  erroneous. 

Referring  again  to  the  particulars  of  the  sums  assured  (Table  12) 
we  find  that  the  average  sum  assured  per  life  is  as  follows  : — 


Ages  at  Entry. 

Average  Sum 
Assured  per  Life. 

Percentage  of 
Average  Sum 
Assured  per  life 
for  all  Ages 
at  Entry. 

£ 

20-29 

579 

80-42 

30-39 

709 

98-47 

40-49 

854 

118-61 

50-59 

935 

13000 

60-69 

936 

13000 

All  Ages  at  Entry 

720 

This  result  would  seem  to  indicate  that  the  amount  for  which 
a  person  assures  does,  to  some  extent,  depend  upon  the  age  at 
entry,  in  other  words,  that  policies  effected  at  the  younger  ages 
are,  on  the  average,  of  smaller  amount  than  policies  effected  in  the 
middle  and  latter  portion  of  life.  It  is  to  be  noticed,  however, 
that  the  results  just  brought  out  do  not  relate  to  policies  but 
lives,  and  in  order  more  completely  to  investigate  this  point, 
particulars  of  number  of  policies  relating  to  the  assurances  effected 
in  year  1863,  and  existing  at  31  Dec.  1863,  were  kindly  fur- 
nished by  Mr.  Meikle,  from  which  the  following  results  have  been 
obtained : — 


Ages  at  Entry. 

Average  Amount 
of  Policy. 

Percentage  of 
Average  Policy. 

20-24 
25-29 
30-34 
35-39 
.10-44 
45-49 
50  and  upwards 
All  Ages  at  Entry 

£  £ 

514^  „q 
598  ) 

644  )  aM 
691  {  bM 
662 
560 

82-7 

98-7 

118-4 
1181 

The  first  point  to  be  noticed  in  connection  with  these  results 
is  that  throughout,  the  sum  assured  per  policy  for  various  ages  at 
entry,  bears  almost  exactly  the  same  ratio  to  the  average  policy 
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for  all  ages  at  entry ,  as  the  sum  assured  per  life  for  the  same  ages 
at  entry  bears  to  the  average  sum  assured  per  life  for  all  ages  at 
entry ;  and  would  appear  almost  to  show  beyond  a  doubt  that  the 
amount  of  a  policy  does  in  some  degree  vary  with  the  age  at  entry. 
It  is  not  a  little  remarkable  that  the  average  policy  for  all  ages  at 
entry,  agrees  exactly  with  the  average  policy  deduced  from  the 
Board  of  Trade  returns  of  the  Offices  under  Class  A  (see  Table  7) . 
If,  now,  we  endeavour  to  make  a  rough  approximation  to  the 
average  policy  from  the  average  sum  assured  per  life,  we  shall  find 
that  the  figures  still  agree  pretty  closely  with  those  just  given. 

Referring  to  the  before-quoted  Report  of  the  Joint  Committee, 
we  find  that  the  total  number  of  policies  for  all  classes  of  risks 
was  115,254,  and  that  there  were  20,505  duplicates,  giving  94,749 
lives,  and  reducing  the  average  sums  assured  per  life  in  the  ratio 
of  115,254  to  94,749,  that  is  1  to  *8224,  we  get  as  our  average 
policies : — 

£475  for  Ages  at  Entry  20-29  £702  for  Ages  at  Entry  40-49 

583  „  30-39  592  for  all  Ages. 

These,  it  will  be  seen,  are  in  excess  of  the  amounts  derived  from 
the  actual  figures  for  the  single  year  1863,  and  it  may  be  that  this 
result  arises  from  the  fact  that  in  obtaining  the  average  sum 
assured  per  life,  the  entire  experience  has  been  made  use  of.  A 
far  more  probable  cause,  however,  is  that  the  duplicate  policies  for 
ordinary  whole  life  assurances  bear  a  greater  proportion  to  the 
lives  than  in  other  classes  of  risks. 

In  order  to  give  at  one  glance  a  comparative  view  of  the  distri- 
bution of  the  risks  according  to  present  ages  for  each  group  of 
ages  at  entry,  the  following  table  has  been  drawn  up.  To  make 
it  as  complete  as  circumstances  would  permit,  the  figures  have 
been  given  not  only  for  Mr.  Marilyns  Table  27  (see  vol.  xiv 
p.  292),  but  also  for  the  "  model  office",  proposed  by  Mr.  King  in 
a  paper  read  at  the  last  meeting  of  this  Institute,  and  for  an 
average  office  founded  on  the  lives  existing  according  to  the 
Institute  experience  (healthy  males),  on  the  assumption  that  the 
sums  assured  per  life  are  the  same  as  those  given  by  the  Scotch 
Life  Assurance  Offices'  mortality  experience  to  31  Dec.  1863. 
It  should  be  borne  in  mind  in  examining  Mr.  King's  figures,  that 
instead  of  having  entrants  at  all  ages  20,  21,  &c,  he  only  uses 
entrants  for  ages  20,  25,  and  so  on.  This  difference  is,  however, 
more  apparent  than  real,  as  it  will  be  seen  on  reference  to  his 
paper  that  his  ages  20,  25,  and  so  on,  are  practically  the  central 
ages  of  quinquennial  groups  of  entrants.  In  the  following  table, 
these  ages  at  entry  are  called  20-24,  25-29,  &c. 
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Table  15. — Showing,  according  to  various  data,  and  according  to 
various  assumptions,  the  proportion  at  risk  at  various  Present 
Ages  on  the  assumption  that  the  Total  Sum  assured  at  risk  for 
all  ages  is  100. 


Present 

Ages. 

Board  of 
Trade 
Returns  of 
19  Offices. 

Board  of  Tr 

r\f  IOC 

oi  iy  v. 

ade  Returns 
)ffices. 

VvictSb  D. 

Scotch 
umces 
Mortality 
Experience. 

Mr.  King's 
Model 
Office. 

Institute 
Experience 
HM.* 

Present 
Age. 

Manly  s 
Table  27. 

20-24 

1-60 

1*78 

1-22 

1-52 

1-39 

1-82 

20 

•20 

25-29 

535 

5-85 

4-28 

5-59 

4-69 

6-21 

25 

1-01 

30-34 

9-48 

10-19 

7*98 

10-35 

8-15 

10-90 

30 

4-03 

35-39 

11-98 

12-51 

10-88 

13-71 

10-68 

13-44 

35 

8-15 

A  f\      A  A 

40-44 

t  O.I  o 

Id  18 

IS'bZ 

12*27 

14-98 

1201 

1  f  .1  A 

lo*14 

40 

12  37 

45-49 

1374 

1395 

13-31 

1557 

12-33 

14-74 

45 

14-52 

50-54 

1316 

13-02 

13-47 

12-85 

11-90 

12-40 

50 

14-88 

55-59 

1076 

10-86 

10-55 

9-75 

10-79 

9-55 

55 

13-52 

60-64 

8-08 

7-64 

8-95 

7-26 

9-32 

7-11 

60 

10-95 

65-69 

5-82 

5-21 

712 

4-65 

7-51 

450 

65 

8-52 

70-74 

3-93 

3-25 

5-34 

2-41 

5-48 

2'47 

70 

5-71 

75-79 

1.90 

1-48 

2-78 

•98 

344 

1-15 

75 

341 

80-84 

•80 

•51 

1-44 

•35 

1-63 

•44 

80 

1-75 

85&uprds. 

•22 

•13 

•41 

•06 

•68 

•13 

85&upds. 

•98 

The  foregoing  table  gives  a  comparative  view  of  the  distribu- 
tion of  the  risks  of  an  office  according  to  the  various  data  and 
other  material  mentioned  in  the  course  of  this  paper.  It  will  at 
once  be  seen,  that  while  no  two  can  be  said  to  be  identical,  yet 
some  of  them  agree  pretty  well.  For  instance,  Mr.  King's 
"model  office"  and  the  Board  of  Trade  returns  of  Class  B  run 
closely  together  at  many  ages,  while  the  Scotch  Offices'  mortality 
experience  agrees  on  the  whole  very  well  with  the  healthy  males 
(lives  existing  31  Dec.  1863)  of  the  Institute  experience  on  the 
assumption  as  regards  the  latter  that  the  sum  assured  increases 
with  the  age  at  entry.  On  the  other  hand,  Mr.  King's  "model 
office"  and  the  Board  of  Trade  returns  of  Class  B  vary  consider- 
ably from  the  two  just  mentioned.  On  a  future  occasion,  when 
dealing  with  the  question  of  valuations,  it  is  proposed  to  consider 
these  figures  more  closely  with  a  view  to  examining  in  detail  the 
causes  of  these  variations. 

Mr.  Manly's  Table  27,  it  will  be  seen,  differs  very  materially 
from  the  other  results,  and  the  cause  of  this  it  is  not  difficult  to 
trace.  It  arises,  there  would  appear  to  be  no  doubt,  in  the 
assumption  he  has  made  as  to  the  proportions  of  sums  assured 
effected  at  various  ages.    These  are  given  in  the  following  table, 

*  On  the  assumption  that  the  lives  existing  31  Dec.  18(53,  and  entering 
between  ages  20-29,  30-39,  40-49,  50  and  upwards,  assure  for  sums  in  the  ratio 
of  80-42,  98-47,  118*61,  130'00,  and  130-00  respectively. 
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together  with  the  corresponding  proportions  as  deduced  from  the 
Scotch  Life  Offices'  Mortality  Experience  for  the  year  1863,  which 
have  been  already  given  on  page  207. 

Table  16. — Shoiving  the  proportions  of  Sums  Assured  effected  at 

various  ages. 


Ages  at  Entry. 

Scotch  Life  Offices' 
Mortality  Experience 
for  Year  ending  31  Dec.  1863. 

Age 
at  Entry. 

Manly's 
iaoie  zi. 

20-24 

6-96 

20 

•68 

25-29 

16-88 

25 

308 

30-34 

20-75 

30 

1144 

35-39 

19-38 

35 

19-24 

40-44 

1554 

40 

23-08 

45-49 

9-72 

45 

19-23 

50-54 

6-08 

50 

13-95 

55-59 

307 

55 

6-97 

60-64 

rao 

1-93 

65-69 

•32 

65  &  uprds. 

•40 

As  another  proof  of  the  fact  just  pointed  out,  it  may  be  stated 
that  the  average  net  premium  Inst.  HM  3  per-cent,  according  to 
Mr.  Manly's  Table  27,  is  2*81  per-cent,  corresponding  to  about 
age  42,  whereas,  as  we  have  previously  seen,  the  average  premium 
should  correspond  to  about  age  37,  or  an  age  5  years  younger. 

The  writer  cannot  refrain  from  making  a  few  remarks  on 
Mr.  Manly's  essay  above  referred  to.  At  the  time  that  essay  was 
written,  nothing  in  any  wray  resembling  Mr.  Manly's  Table  27,  on 
which  the  results  established  in  the  essay  are  founded,  had  ever 
been  published ;  and  it  is  no  exaggeration  to  state  that,  to  the  facts 
there  so  carefully  brought  out,  as  well  as  to  the  methods  of  investi- 
gation so  ably  laid  down  or  indicated,  the  actuarial  profession 
is  at  least  as  much  indebted  as  to  any  other  of  the  valuable  com- 
munications, published  from  time  to  time,  through  the  medium 
of  this  Institute. 

In  conclusion,  I  have  to  state  that  I  am  greatly  indebted 
to  Mr.  C.  J.  Harvey,  of  the  Prudential  Assurance  Society, 
for  making  the  extracts  from  the  Board  of  Trade  returns,  also 
to  Messrs.  J.  Whitcher,  of  the  London  Life  Association,  and 
T.  H.  Cooke,  of  the  Northern  Assurance  Company,  for  their 
valuable  assistance  in  the  course  of  the  numerous  investigations 
connected  with  the  subject  of  the  paper,  and  to  Mr.  Charles 
Windett,  of  the  London  and  Provincial  Law  Assurance  Society,  for 
many  of  the  necessary  calculations. 
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Discussion. 

The  President  (Mr.  J.  Hill  Williams)  thought  that  Mr.  Sutton 
had  shown  conclusive  y,  that  any  attempt  to  constitute  a  model 
office  is  very  difficult  indeed,  not  to  say  impossible.  One  part  of 
the  paper  he  fully  endorsed — namely,  the  allusion  to  Mr.  Manly 's 
very  useful  and  interesting  paper.  Considering  the  materials  avail- 
able at  the  time  it  was  written,  it  is  a  remarkable  instance  of  fore- 
sight combined  with  great  industry.  That  paper  has  given  more 
subject  for  thought  than  almost  any  of  those  which  have  appeared  in 
the  Journal  of  the  Institute ;  it  has  also  furnished  the  actuary  for 
several  years  past  with  the  most  forcible  arguments,  when  it  has  been 
necessary  to  change  the  basis  of  valuation  from  an  erroneous  to  a 
more  nearly  true  mortality  experience  table. 

Mr.  Manly  said  that  when  he  wrote  his  essay  he  certainly 
had  iittle  or  no  materials  to  base  his  assumed  office  upon  ;  and  the 
difference  between  his  assumptions  and  the  actual  facts,  arose  from  his 
wishing  to  err,  if  at  all,  upon  the  right  side,  making  the  assumptions 
as  regards  the  proportions  of  the  sum  assured  greater  rather  than  less  at 
the  older  ages,  so  that  the  results  should  not  really  show  the  excessive 
differences  that  might  follow  from  other  assumptions.  For  instance, 
if  he  had  assumed  the  sums  assured  larger  at  the  younger  ages  than 
at  the  older,  the  differences  brought  out  by  the  various  tables  would 
have  been  much  larger  than  were  represented  in  the  essay.  It  seemed 
probable,  judging  from  Mr.  King's  tables,  that  Mr.  Sutton's  results 
would  take  an  intermediate  position  between  Mr.  King's  and  his  own. 
It  is  true  that  if  the  statistics  collected  by  the  Institute  for  the 
mortality  experience  had  been  extended  to  the  sums  assured,  we 
should  have  had  more  materials  to  work  upon  in  applying  the 
scientific  results  to  practical  examples ;  but  at  the  same  time  he  did 
not  think  that  the  mortality  experience  should  have  been  based  upon 
any  other  facts  than  those  actually  used.  If,  as  suggested  by 
Mr.  Sutton  in  his  previous  paper,  second  and  subsequent  assurances 
on  lives  had  been  taken  as  new  lives,  the  effect  of  multiplying  the 
deaths  would  have  been  far  more  serious  than  any  loss  we  might  have 
sustained  by  omitting  those  particulars  altogether. 

Mr.  Mac  fad  yen  was  of  opinion  that  it  is  not  possible  to  arrive  at 
the  true  average  life  office.  The  material  is  defective ;  and  to  build 
an  average  life  office  out  of  that  material,  is  like  making  bricks  without 
straw.  Mr.  Sutton  has  pointed  out  many  of  these  deficiencies  ;  and 
another,  of  minor  importance,  is  that  the  application  of  an  average 
sum  assured  carries  with  it  a  disturbing  element,  arising  from  the  fact 
that  in  most  offices  the  great  majority  of  the  policies  will  be  very 
much  under  the  average  amount,  a  very  few  large  ones  redressing  the 
deficiency, — the  most  probable  amount  to  be  assured  being  as  different 
a  thing  from  the  average  amount  assured,  as  is  the  most  probable  age 
at  entry  from  the  average  age  at  entry.  But  even  wen1  it  possible 
to  arrive  at  the  average  life  office,  since  it  is  certain  that  this  company 
would  seldom,  probably  never,  represent  the  real  office,  actuaries 
would  be  chary  of  transferring  conclusions  drawn  from  the  hypo- 
thetical  experience  to  their  own  company.  In  anything  that  was  to 
be  put  on  record,  or  was  to  go  forth  to  the  public  in  any  way,  though 
the  labour  would  be  greater,  they  would  prefer  to  value  out  the  main 
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classes  by  the  various  tables  wanted,  rather  than  make  a  leap  in  the 
dark  by  trusting  the  average  office  results.  He  had  on  two  occasions 
tried  the  actual  by  the  hypothetical  results — in  both  cases  from 
curiosity  merely.  On  the  first  occasion  the  actual  results  were 
very  different  from  the  hypothetical.  On  the  second  they  were 
much  alike — a  likeness,  however,  equally  close  whether  Mr.  Manly's, 
Mr.  King's,  or  indeed  any  reasonable  hypothesis  as  to  a  model  office 
were  taken — thus  making  it  evident  that  the  likeness  was  not  from 
any  virtue  of  the  hypothetical  method,  but  from  the  resemblance  of 
the  tables  compared.  It  seemed,  therefore,  a  dangerous  thing  to  use 
the  average  office  practically,  unless  indeed  the  conclusions  drawn 
are  of  the  broadest.  No  doubt  this  might,  in  a  sense,  be  said  of 
employing  a  mortality  table.  But  in  employing  the  latter,  all  that  is 
meant  is,  that  though  actual  mortality  and  theoretical  may  be 
different,  yet  in  the  long  run  they  will  on  the  whole  closely  coincide  ; 
while  for  the  former  purpose  you  are  called  on  to  state  the  actual 
definite  cash  results  of  applying  certain  mortality  tables  to  a  certain 
definite  distribution  of  risks. 

Mr.  Bailey  said  that  the  object  of  the  average  office  is  to  try 
experiments,  and  without  some  such  plan  we  should  not  have  had  so 
clear  a  conception  of  how  insufficient  a  reserve  the  Carlisle  table  gives 
for  ordinary  life  offices.  He  continued : — The  old  proverb  says,  "  It 
is  exceedingly  easy  to  be  wise  after  the  event"  ;  and  as  I  happened  to 
be  one  of  the  honorary  secretaries  of  the  Institute  at  the  time  this 
information  was  collected,  and  know  what  labour  and  trouble  was 
expended  upon  it,  I  regret  now  that  further  details  were  not  obtained, 
such  as  the  sum  assured  and  the  reversionary  bonus.  I  think  the 
prevailing  idea  in  the  minds  of  the  committee  at  that  time,  was  to 
obtain  the  mortality  on  assured  lives,  as  distinguished  from  policies  ; 
and  that  idea  was  so  deeply  impressed  in  their  minds  that  it  did  not 
occur  to  them  to  go  into  other  matters  of  which  great  use  could  have 
been  made.  But  it  must  be  remembered  that  it  was  no  easy  matter 
to  persuade  the  companies  to  contribute  their  experience  at  all,  and  it 
was  therefore  necessary  to  be  careful  that  no  information  was  asked 
for  which  was  not  absolutely  necessary.  I  do  not  think  it  occurred 
to  any  gentleman  to  ask  for  the  sum  assured,  which  would  have 
caused  but  little  extra  labour  to  furnish,  and  would  probably  have 
been  freely  given. 

Mr.  Suttox,  in  reply,  said  that  his  remark,  quoted  by  Mr.  Manly, 
as  to  the  form  in  which  the  Twenty  Offices'  Experience  was  taken 
out,  was  intended  to  apply  only  to  bringing  out  the  effect  of  selection ; 
for  he  did  not  intend  to  say  that  the  mortality  experience  proper 
should  be  based  on  policies  rather  than  lives.  Mr.  Macfadyen  had 
objected  to  the  use  of  the  word  "  average"  on  this  occasion,  but  the 
remarks  he  had  made  would  seem  to  show  that  he  objects  to  all 
averages.  At  all  events,  the  objections  advanced  by  him  would  apply 
to  any  average  of  whatever  kind  or  description.  Mr.  Macfadyen  had 
spoken  of  the  "probable  sum  assured".  This  was  a  new  phrase  to 
him  (Mr.  Sutton),  and  he  did  not  understand  it.  He  had  only  to 
say  further  that  in  his  paper  he  had  carefully  avoided  the  expression 
or  even  indication  of  any  theory  whatever,  and  had  certainly  not 
gone  so  far  as  to  show  any  preference  for  one  average  office  over 
another,  that  being  a  subject  which  remains  for  consideration. 
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Does  Vaccination  afford  any  Protection  against  Small-pox  ?  By 
T.  B.  Sprague,  M.A.,  a  Vice-President  of  the  Institute  of 
Actuaries, 

A  SATISFACTORY  anser  to  the  question  I  hav  placed  at  the 
hed  of  this  articl  can  only  be  got  by  means  of  an  examination  of 
statistics  carefully  compiled.  If  we  coud  obtain  statistics  shoing 
the  rate  of  mortality  from  small-pox  among  two  bodies  of  persons, 
similarly  circumstanst  as  to  ages,  occupations,  conditions  of  life, 
and  other  things;  and  differing  only  to  this  extent,  that  all  the 
persons  in  the  one  body  had  been  vaccinated,  and  none  at  all  in 
the  other  body;  then  an  examination  of  such  statistics  woud  giv  a 
conclusiv  anser  to  the  question.  But  such  statistics  ar  clearly 
unattainabl.  Those  that  ar  forthcoming  wil  be  more  or  less 
deficient  in  the  accuracy  we  hav  supposed ;  and  our  conclusions 
will  therefore  only  hav  a  greater  or  less  degree  of  probability, 
acording  as  the  statistics  ar  more  or  less  complete  and  accurat. 

I  had  supposed  until  lately  that  the  statistics  compiled  by 
different  persons  at  various  times  and  publisht  in  medical  works, 
prove  beyond  all  reasonabl  dout  that  vaccination  afords  an  almost 
certain  and  complete  protection  from  smalpox.  It  apears,  how- 
ever, that  in  certain  quarters  the  efficacy  of  vaccination  is  now 
altogether  denied.  Vaccination  is  denounst  as  in  all  cases  useless, 
and  in  many  positivly  injurios,  becaus  it  introduces  an  animal 
poison  into  the  system,  which  offen  produces  very  serios  ilness. 
Such  is  the  vew  taken  by  the  National  Anti-Compulsory  Vacci- 
nation Leag,  som  of  whose  publications  hav  recently  been  brot 
under  my  notis  by  Mr.  H.  Pitman  of  Manchester. 

From  the  nature  of  the  case  statistics  on  the  subject  must  be 
furnisht  by  members  of  the  medical  profession,  and  the  actuary 
can  hav  litl  or  nothing  to  do  with  the  preparation  of  them.  He 
may,  however,  usefully  examin  such  statistics  when  givn  to  the 
world,  and  state,  without  being  considerd  presumptuos,  what  con- 
clusions may  in  his  opinion  be  fairly  drawn  from  them.  Such  is 
the  task  which  I  propose  to  undertake  on  the  present  ocasion. 

It  will  be  convenient  in  the  first  instance  to  state  the  opinions 
which  apear  to  be  generally  held  by  competent  medical  men  with 
regard  to  the  bearing  of  vaccination  on  the  mortality  from  smal- 
pox. These  seem  to  be  fairly  summarized  by  Dr.  William  Robertson, 
F.R.S.E.,  in  the  7th  Annual  Report  on  the  vaccination  of  children 
born  in  Scotland  during  1870,  as  folios : 

1.  That,  as  a  protection  agenst  smalpox,  a  recent  succesful 
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vaccination  is  as  complete  a  safegard  as  that  aforded  by  a  previos 
atak  of  smalpox,  whether  natural  or  inoculated. 

2.  That  during  an  epidemic  of  smalpox  a  very  small  proportion 
of  persons  recently  and  succesfully  vaccinated  fall  victims  to  the 
disease. 

3.  That  during  smalpox  epidemics,  persons  who  hav  been 
succesfully  vaccinated  during  infancy,  but  who  hav  ataind  adult 
life  without  having  been  revaccinated,  ar  apt  to  contract  smalpox 
in  considerabl  numbers  (but  not  necessarily  in  large  proportion) ; 
and  that  in  such  persons  the  disease  is  not  nearly  so  fatal  as  in 
those  unprotected  by  vaccination. 

4.  That  during  an  epidemic  persons  who  hav  never  been 
succesfully  vaccinated  contract  the  disease  in  large  numbers  and 
in  large  proportion,  and  that  such  persons  die  in  a  proportion  som- 
times  amounting  to  1  in  4. 

5.  That  the  phrase  "succesfully  vaccinated"  is  offen  improperly 
uzed;  the  application  of  the  vaccine  virus,  and  the  subsequent 
apearance  of  a  "sore"  on  the  arm,  not  being  conclusiv  evidence  of 
"succesful"  vaccination,  unless  the  characteristic  mark  results. 

6.  That  there  ar  many  adults  who  suppose  themselvs  to  hav 
been  "succesfully"  vaccinated,  who  hav  never  in  fact  had  cow-pox. 

7.  That  there  is  in  general  no  risk  incurd  in  either  vaccinating 
or  revaccinating  a  helthy  subject. 

8.  That  so  far  from  vaccination  or  revaccination  being  dangerous 
or  inexpedient  while  an  atak  of  smalpox  is  prevailing  or  imminent, 
it  is  precisely  in  anticipation  of,  or  during  the  course  of,  such  an 
epidemic,  that  these  operations  ar  most  urgently  required  and  their 
protectiv  value  most  strikingly  illustrated. 

9.  That  of  those  succesfully  revaccinated  in  anticipation  of  an 
epidemic  of  smalpox,  hardly  any  contract  the  disease,  altho  they 
may  be  in  close  and  daily  atendance  on  the  sik  for  months  after 
their  revaccination. 

What  sort  of  statistics  then  ar  brot  forward  by  medical  men  in 
support  of  these  propositions  ?  My  information  on  the  subject  is 
principally  derived  from  a  very  readabl  litl  work  by  Dr.  J.  Thorburn 
of  Manchester,  entitld  Vaccination :  a  condenst  summary  of  the 
evidence  in  its  favor,  and  of  the  objections  urged  agenst  it  (Simpkin, 
Marshall,  and  Co.,  1870,  price  6d.),  and  it  wil  be  sufficient  for  my 
purpose  to  make  a  few  extracts  from  this.  As  I  can  only  undertake 
to  deal  with  the  question  from  a  purely  statistical  point  of  vew,  it 
wil  be  understood  that  I  quote  only  from  the  statistical  parts  of 
VOL.  xx.  Q 
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Dr.  Thorburn' s  work,  but  I  may  mention  that  it  would  be  very 
erroneos  to  suppose  that  it  is  entirely  statistical.  On  the  contrary, 
it  deals  with  a  number  of  other  questions  in  a  most  interesting  and 
satisfactory  manner.  Without  further  preface,  I  wil  now  quote 
som  of  the  statistics  givn  by  Dr.  Thorburn. 

On  p.  9  is  givn  a  table  taken  from  Seaton's  Handbook  of 
Vaccination  (London,  1868),  shoing  the  comparativ  mortality  in 
England  from  smalpox  at  varios  periods. 


Annual  Deths 

Annual  Rate 

Periods  comrjared. 

by  Smal-pox 
in  England 
and  Wales. 

per  million 

of  the 
Population. 

1. 

Average  of  30  years  previos  to  introduction  of 
vaccination,  estimated  by  Dr.  Lettsom,  and  Sir 
Gilbert  Blane  

3,000 

2. 

Average  of  3  years  (1838-40)*  when  vaccination 
was  to  a  great  extent  diffused,  but  before  public 
provision  was  made  for  its  gratuitos  perform- 

11,944 

770 

3. 

Average  of  9  f  of  the  years  (1841-53)  when  vacci- 
nation was  gratuitosly  provided,  but  was  not 

obligatory  ....... 

5,221 

304 

4. 

Average  of  the  10  years  (1854-63)  during  which 

vaccination  has  been  to  a  certain  extent  obli- 

gatory  • 

3,351 

171 

"  *  The  present  system  of  registering  deths  commenst  only  in  1837." 
"  f  During  the  years  1843-46,  causes  of  deth  were  not  distinguisht  in  the 
"  Reports  of  the  Registrar- General." 


Page  18.  "  Out  of  100,000  persons  ther  died  annually  of 
smalpox,  in  the  century  before  vaccination,  and  the  half  century 
since,  compared — 

Before  Vaccination.    After  Vaccination. 


In  Rhenish  Prussia    .       .       .            90*8  9*0 

„  Sweden        ....  205*0  15*8 

„  Copenhagen  ....  312*8  28*6 

„  West  Prussia        .       .       .  227  2  35*6 

„  East  Prussia  ....  332*1  55*6 

„  Berlin   342*2  17*6. 


These  figurs  ar  stated  to  be  quoted  from  Oesterlen's  Handbuch 
der  Medicinischen  Statistik,  Tubingen  1865;  and  Dr.  Thorburn 
says  that  they  are  condenst  chiefly  from  Simon's  Blue-book  of 
1857,  "  Papers  relating  to  the  history  and  practis  of  vaccination." 

The  foregoing  statistics  giv  no  information  as  to  the  relativ 
mortality  among  vaccinated  and  unvaccinated  persons  who  ar 
atakt  with  the  disease,  and  it  may  be  argued  that  the  diminisht 
mortality  is  the  result  of  an  improovment  in  modern  sanitary 
arangements  or  som  other  caus.  In  proof  that  this  is  not  the 
case,  Dr.  Thorburn  states  that  a  great  mortality  stil  takes  place 
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among  the  unvaccinated  compared  with  those  who  ar  atakt  in 
spite  of  vaccination,  and  he  givs  (p.  20)  the  folloing  figurs  in 
proof  of  this  statement. 


Number  who  Died  per-cent. 

Number  ov  cases 

treated. 

Ov  Vaccinated 

Ov  Unvaccinated 

Persons. 

Persons. 

France,  1816-41 

16,397 

1-0 

16-2 

Bohemia,  1835-55 

15,640 

5-1 

29-8 

Milan,  1830-51  . 

10,240 

7-6 

38-3 

Vienna,  1837-56 

6,213 

5*0 

30-0 

London  Smalpox  Hospital, 

1836-56  . 

9,000 

7-0 

35'0 

"  This  table  he  remarks,  "  shos  the  wonderful  power  which 
vaccination  possesses  to  modify  the  danger  of  the  disease,  even  in 
those  cases  where  it  has  faild  entirely  to  protect". 

Page  22.  "  i  By  careful  vaccination,  carried  out  thoroly  by  the 
dispensary  and  poor-law  physicians  in  Ireland,  smalpox  has  been 
stampt  out  from  the  contry.  In  the  ten  years  ending  1841,  no 
fewer  than  58,006  persons  died  in  Ireland  from  smalpox,  and 
many  thousands  sufferd  disfigurment.  During  the  next  ten  years, 
the  number  of  fatal  cases  of  the  disease  fell  to  38,275,  and  from 
1851  to  1861,  the  number  decreast  to  12,727.  In  1866,  187 
deths  ocurd,  and  last  year  only  20  persons  fell  victims  to  this 
disease.  During  the  current  year  (1868)  I  believ  no  cases  of 
smalpox  hav  ocurd  in  our  contry \  (Dr.  Cameron  On  the 
Preservation  of  Helth;  critique  in  Brit,  and  For.  Med.-Chirur. 
Revew,  October  1869.)" 

Page  23.  "  In  Marseilles  there  was  a  great  outburst  in  1828. 
The  most  careful  serch  was  made,  and  it  was  found  that  there  wer 
in  the  place  30,000  persons  more  or  less  perfectly  vaccinated,  and 
8,000  unvaccinated.    The  folloing  was  the  apalling  result : — 

Ov  the  8,000  Unvaccinated.      Ov  the  30,000  Vaccinated. 
Number  atakt     .       .        4,000,  or  1  in  2  2,000,  or  1  in  15. 

Of  whom  died     .       .        1,875,  or  1  in  4i  20,  or  1  in  1,500. 

Page  25. — "  In  Denmark,  where  upwards  ov  9,000  pepl  died 
ov  smalpox  in  the  30  years  previos  to  1792,  vaccination  was 
partially  introduced  in  1802,  and  only  58  persons  died  between 
that  date  and  1810.  It  was  then  made  most  strictly  compulsory, 
and  for  the  next  ten  years  not  a  deth  ocurd.  In  the  British 
cavalry,  vaccination  and  revaccination  hav  been  stringently  enforst, 
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and  out  ov  44,600  men  who  past  thro  the  ranks  in  20  years,  only 
3  died  ov  smalpox." 

Altho  the  mortality  from  smalpox  has  thus  greatly  diminisht, 
it  miht  be  that  the  mortality  from  other  causes  shoud  increase  to 
such  an  extent  that  the  total  rate  ov  mortality  woud  be  but  litl 
influenst.  Dr.  Thorburn  givs  (p.  30)  the  folloing  figurs  in  proof 
that  this  has  not  been  the  case  : — 

"  Annual  Deth  Rate  per  1,000  Inhabitants. 

1755-75.        1776-79.  1841-50. 
"Sweden       .       .       .  28'9  26*8  20'5 

1681-90.        1746-55.  1846-55. 
"London       ...  42  35  25." 

As  a  last  quotation,  I  wil  giv  the  folloing,  contributed  by 
Surgeon  Thompson,  of  the  100th  or  Canadian  Infantry  : — 

Page  58.  "The  regiment  was  stationd  at  Montreal,  and  be- 
tween the  end  ov  December  1867,  and  28  February  1868,  ther 
ocurd  13  cases  ov  smalpox,  it  being  then  prevalent  in  the  town. 
At  the  latter  date  the  whole  regiment  was  revaccinated.  Seven  cases 
ocurd  after  this,  but  in  every  instance  they  wer  new  recruits  or  men 
who  had  been  on  furlo,  not  one  ov  those  who  had  been  revaccinated 
being  atakt,  altho  smalpox  stil  continued  prevalent  in  the  city." 

It  apears  to  me  that  the  previos  statistics  can  leav  no  reasonabl 
dout  as  to  the  reality  ov  the  protection  aforded  by  vaccination.  I 
wil  supplement  them  by  a  few  figurs  taken  from  the  Annual 
Reports  of  the  Registrar- General  for  Scotland. 

It  is  stated  in  the  20th  Annual  Report,  p.  30,  that  the  Scottish 
Vaccination  Act  aplies  only  to  children  born  in  Scotland  since  the 
1st  day  of  January  1864.  The  deths  from  smalpox  in  Scotland 
for  the  20  years  1855-1874  inclusiv  wer  as  folios  : — 


Deaths  from  Smalpox  in  Scotland,  1855-74. 


Years. 

Smalpox  Deths. 

Years. 

Smalpox  Deths. 

1855 

1,309 

1865 

383 

1856 

1,306 

1866 

200 

1857 

845 

1867 

100 

1858 

332 

1868 

15 

1859 

682 

1869 

64 

1860 

1,495 

1870 

114 

1861 

766 

1871 

1,442 

1862 

426 

1872 

2,446 

1863 

1,646 
1,741 

1873 

1,126* 

1864 

1874 

655  ) 

Estimated.  ( 

*  In  the  Twelfth  Annual  Report  on  the  vaccination  of  children  born  in 
Scotland,  this  number  is  estimated  as  866 :  the  correct  number  has  been  furnisht 
to  me  by  Dr.  Robertson. 
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The  rapid  diminution  in  the  number  of  these  deths  from  the 
year  1864  to  1868  is  most  remarkabl.  It  can  scarcely  be  denied 
that  this  rapid  and  markt  diminution  in  the  number  ov  deths  is  in 
consequence  ov  the  introduction  ov  compulsory  vaccination.  The 
results  ov  the  year  1868  wer  such  that  it  woud  probably  not 
hav  been  unreasonabl  to  look  forward  to  the  total  disapearance 
ov  smalpox  within  a  few  years.  But  any  such  anticipation  has 
been  most  signally  disapointed  by  the  experience  of  subsequent 
years.  From  the  year  1869  the  number  ov  deaths  from  smalpox 
has  increast,  at  first  sloly  but  afterwards  more  rapidly,  til  the  year 
1872,  when  they  wer  more  in  number  than  they  had  been  at  any 
previos  time  during  the  20  years  under  consideration.  In  expla- 
nation ov  the  epidemic  of  smalpox  ov  the  years  1871  and  1872, 
Dr.  Robertson  says,  in  his  Report  dated  5  April  1875  (p.  29),  that 
"  26,000  ov  the  children  born  in  Scotland  during  the  last  ten  years 
ar  believd  to  hav  escaped  the  provisions  ov  the  Vaccination  Act. 
*  *  *  *  *  Besides,  ther  ar  notoriosly  living  among  us  thousands 
of  unvaccinated  persons  who  wer  born  in  Scotland  before  the 
Vaccination  Act  came  into  operation,  or  who  hav  emigrated  from 
forein  lands  to  this  contry.  *  *  *  *  *  Our  returns  do  not  enabl 
us  to  giv  any  accurat  information  regarding  revaccinations  or  the 
vaccinations  ov  adults."  In  illustration  ov  the  benefits  that  vacci- 
nation has  conferd,  he  givs  the  folloing  tabl  : — 

Smalpox  Deths  in  the  Eight  Principal  Toiuns  at  different  ages  in 
1874,  compared  with  those  ov  the  ten  years  1855-1864,  in  the 
same  towns  before  the  Vaccination  Act  came  into  operation. 


Smalpox  Deths,  1874. 

Smalpox  Deths,  1855-1864. 

Ages. 

Number. 

Percentage  at 
each  Age. 

Number. 

Percentage  at 
each  Age. 

0-  5 

89 

25-00 

4,062 

75-03 

5-20 

109 

30-62 

660 

12-19 

20-60 

156 

43-82 

687 

12-67 

60  and  above 

2 

0-56 

6 

0-11 

I  confess  that  this  explanation  is  not  entirely  satisfactory  to 
myself.  I  see  here  nothing  that  at  all  explains  why,  notwith- 
standing the  introduction  of  compulsory  vaccination,  the  deths 
from  smalpox  shoud  hav  risen  in  the  year  1872  so  far  beyond  their 
number  in  any  of  the  previos  17  years.  I  cannot  however  myself 
suggest  any  explanation,  and  must  leav  the  question  to  be  delt 
with  by  our  officers  of  helth  and  other  medical  men. 
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In  non  ov  the  preceding  statistics,  with  the  exception  of  the 
last  tabl,  is  any  information  givn  as  to  the  ages  ov  the  persons 
who  wer  atakt  with  smalpox.  I  now  propose  to  examin  certain 
statistics,  prepared  by  one  ov  the  oponents  ov  vaccination,  in 
which  such  information  is  givn. 

These  ar  containd  in  a  report  by  Dr.  Leander  Joseph  Keller,  Chief 
Medical  Officer  of  the  Imperial  Austrian  State  Railways,  of  which  a 
translation  has  been  publisht  by  the  abov  mentiond  Leag.  It  is 
difficult,  however,  to  form  an  opinion  from  that  translation  as  to 
the  soundness  of  Dr.  Keller's  arguments,  as  his  principal  statistical 
tables  ar  omitted.  Having,  thro  the  kindness  of  the  Honorary 
Secretary,  Mrs.  Mary  C.  Hume-Roth ery,  had  the  opportunity  of 
perusing  the  report  in  the  original  German,  it  apears  to  me  of 
sufficient  interest  to  justify  my  laying  a  somwhat  ful  acount  of 
it  before  the  readers  of  the  Journal  of  the  Institute.  Dr.  Keller 
shal,  as  far  as  possibl,  speak  for  himself,  and  I  believ  it  wil  be 
found  that  in  the  folloing  translation  nothing  of  any  importance 
to  his  argument  has  been  omitted. 


Report  on  the  sikness  from  Smalpox  among  the  Employees  of 
the  Austrian  State  Railway  Company  in  the  year  1873. 

This  railway  company  has  always  in  its  employ  about  37,000 
oficials,  porters,  and  workmen;  forming,  with  the  adition  of  wives 
and  children,  pensioners  and  others  ("provisionisten  "),  a  population 
of  from  55,000  to  60,000  persons,  who  ar  atacht  to  195  railway 
stations  and  11  factories.  The  company  has  engaged  80  medical 
men  to  atend  the  employees  and  their  wives  and  children  in 
sikness.  These  ar  required  to  keep  exact  records  of  all  the 
siknesses  that  ocur,  and  to  send  monthly  and  yearly  statistical 
reports  to  the  directors;  and  they  ar  all  under  the  supervision 
of  the  chief  medical  officer.  From  the  reports  for  the  year  1873  it 
apears  that  there  wer  altogether  2,054  cases  of  smalpox.  Of 
these  1,669  (or  81*26  per-cent)  recoverd ;  385  (or  18*74  per- 
cent) died.    The  persons  who  wer  atackt  may  be  clast  thus : 

Vaccinated     .       .       .  1337,  of  whom  219  or  16  38  per-cent  died. 

Unvaccinated  .  .  .  596,  „  118  ,,  21*83  „ 
Re  vaccinated  .       .       .       46,       „  7  „  1522  „ 

Had  smalpox  previosly    .       11,       „  2  „  18*18  „ 

Doutful ....      64,      „         9  „  14-06 

The  ages  of  the  persons  who  wer  atackt  ar  givn  in  Tabl  (A). 
When  the  mortality  at  different  ages  is  cxaniind,  it  is  found 
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to  folio  almost  exactly  the  same  law  as  was  shoen  by  the  figurs 
for  the  year  1872.  The  mortality  is  heviest  in  the  first  two  years 
of  life,  then  gradually  diminishes,  reaches  its  minimum  between 
15  and  20,  and  from  that  point  increases  gradually,  and  with  great 
rapidity  at  advanst  ages.  This  is  just  the  law  which  human  mor- 
tality in  general  folios. 

Considering,  next,  the  mortality  at  different  ages  among  the 
vaccinated  and  un vaccinated  respectivly,  we  get  som  very  important 
results.  Taking  all  ages  together,  we  find  that  the  unvaccinated  hav 
experienst  a  hiher  mortality  by  8*45  per-cent  than  the  vaccinated. 
This  result  is  not  only  almost  the  same  as  that  for  the  year  1872, 
but  it  is  the  same  as  almost  always  ocurs,  and  must  ocur,  in  tables 
of  smalpox  statistics;  and  it  is  just  this  result  on  which  the  frends 
and  defenders  of  vaccination  continually  base  their  arguments. 
They  say  that,  becaus  the  rate  of  mortality  among  the  unvaccinated 
is  always  hiher  than  that  among  the  vaccinated,  the  conclusion 
must  folio  that  vaccination,  even  if  it  dos  not  protect  from  smal- 
pox, yet  causes  the  disease  to  take  a  much  milder  form. 

A  singl  glance,  however,  at  the  tabl  is  enuf  to  sho  that  this 
conclusion  is  quite  erroneos,  and  that  vaccination  has  nothing 
to  do  with  the  loer  mortality  of  the  vaccinated;  for  we  cannot 
help  seeing  at  once,  that  the  reason  for  the  greater  mortality  among 
the  unvaccinated  is  simply  that  the  greater  number  of  ataks  ocur 
in  the  first  two  years  of  life,  during  which  a  much  hiher  mortality 
universally  prevails.  For,  if  we  exclude  from  observation  the  first 
two  years  of  life,  we  find  that  at  the  other  ages  the  mortality 
among  the  vaccinated  amounted  to  13*76  per-cent  (173  out  of 
1257),  while  the  mortality  of  the  unvaccinated  was  only  13*15 
per-cent  (48  out  of  365);  and  that,  consequently,  at  these  ages 
the  mortality  of  the  vaccinated  and  the  unvaccinated  was  almost 
identical, — in  fact,  rather  lihter  among  the  unvaccinated. 

It  will  now  ov  course  be  supposed  that  the  mortality  among 
the  unvaccinated  during  the  first  two  years  of  life,  must  be  much 
hevier  than  that  among  the  vaccinated  of  the  same  age,  since  the 
mortality  among  all  the  unvaccinated  is  greater  by  8*45  per-cent 
than  that  among  the  vaccinated.  But  this  is  not  the  case;  on  the 
contrary,  we  hav  the  mortality 

among  the  unvaccinated  in  the  1st  year  of  life,  45*24  per-cent, 

2nd       „       38*10  „ 

while  it  is 

among  the  vaccinated  in  the  1st  year  of  life,  60*46  per-cent, 
„  })  2nd        „        5405  „ 


224  Does  Vaccination  afford  any  [April 


It  is  thus  clear  that,  altho  the  mortality  among  the  unvaccinated 
in  the  first  two  years  of  life  is  less  than  that  among  the  vaccinated, 
yet,  when  all  ages  ar  taken  together,  the  rate  of  mortality  among 
the  unvaccinated  becoms  hevier  in  comparison,  and  must  do  so, 
becaus  the  number  of  the  unvaccinated  who  wer  atakt  in  the 
first  two  years  of  life  is  large;  and  the  reason  why  it  is  large  is, 
that  there  ar  many  more  unvaccinated  than  vaccinated  children  of 
that  age  in  the  families  of  the  men  employd  on  the  line  and  in 
the  workshops.  If  the  contrary  had  been  the  case,  and  all  the 
children  had  been  vaccinated  before  they  wer  three  months  old, 
then,  as  a  matter  of  course,  many  more  vaccinated  children  woud 
have  been  atakt;  and  since  the  mortality  in  these  first  two  years 
of  life  is  considerably  the  mortality  among  the  vaccinated  woud 
hav  been  much  greater  than  among  the  unvaccinated,  but  we 
shoud  not  therefore  hav  been  entitld  to  blame  vaccination  for 
the  result. 

The  conclusions  we  hav  here  drawn  from  the  figurs  of  the 
year  1873  apear  just  as  clearly  from  Table  (C),  which  givs  the 
experience  of  the  years  1872  and  1873  combined;  and  we  may 
draw  the  conclusion  that  statistical  tables  of  smalpox  cases,  in 
which  the  age  and  its  normal  deth-rate  ar  left  out  of  acount, 
ar  quite  worthless  for  the  decision  of  the  question  as  to  the  value 
of  vaccination,  even  if  (as  is  seldom  the  case)  they  ar  quite  correctly 
and  consientiosly  drawn  up. 

Looking,  now,  at  the  mortality  during  1873,  among  the  revacci- 
nated  and  among  those  who  had  previosly  had  smalpox,  we  see 
that  among  the  former  there  is  a  mortality  of  15*22  per-cent  and 
among  the  latter  18*18  per-cent,  from  which  the  conclusion  neces- 
sarily folios,  that  neither  revaccination  nor  a  previos  atak  of 
smalpox  afords  any  protection  agenst  another  atak,  and  that 
the  only  reason  why  the  rate  of  mortality  in  both  these  classes  of 
persons  has  been  comparativly  low,  is  that  they  hav  containd  no 
very  yung  children.  The  lihtest  mortality,  namely  14*06  per- 
cent, ocurs  among  those  returnd  as  doutful  with  respect  to 
vaccination. 

The  data  givn  in  the  tables  ar  collected  from  widely  different 
localities, — Austria  Proper,  Bohemia,  Moravia,  Lower  Austria,  Hun- 
gary, and  the  Banat;  and  the  facts  that  they  include  all  ages,  and 
that  the  observations  hav  been  made  by  a  variety  of  medical  men 
who  wer  in  constant  asociation  with  the  employees  on  the  railway 
and  in  the  works,  wil  probably  giv  them  a  greater  value  with  the 
medical  profession  than  ataehes  to  reports  from  individual  hospitals 
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into  which  only  paupers  ar  admitted;  since  such  reports  ar  not 
unfrequently  colord  to  support  the  privat  views  of  their  authors, 
even  when  the  facts  ar  faithfully  givn. 

Considering,  now,  from  the  same  point  of  vew,  the  observations 
for  the  years  1872  and  1873  combined,  we  see  the  same  regular 
progression  which  I  hav  alredy  pointed  out  in  each  year  sepa- 
ratly;  but,  the  numbers  being  larger,  the  results  sho  remarkably 
litl  fluctuation.  In  the  two  years  taken  together,  there  wer 
2627  cases  of  smalpox.  Of  these,  2158  (or  82*15  per-cent) 
recoverd,  and  469  (or  17*85  per-cent)  died.  Comparing  the  mor- 
tality among  all  the  smalpox  cases  at  different  ages,  we  find  the 
rate  first  diminishes  and  then  increases,  just  as  it  always  dos  in 
observations  upon  human  mortality.  This  same  law  holds  good  if 
we  consider  the  mortality  at  different  ages  among  the  vaccinated 
and  unvaccinated  separatly.    Thus  we  hav : — 


Age. 

Vaccinated. 

Unvaccinated. 

Under    1  year 

5714 

43-78 

1  to   2  years 

52-05 

38-96 

2  „    3  „ 

34-15 

17-86 

3  „    4  „ 

21-88 

16-88 

4  „    5  „ 

2364 

13-70 

5  „  10  „ 

19-23 

7-76 

10  „  15  „ 

6-35 

12-05 

15  „  20  „ 

615 

7-14 

20  „  30  „ 

7-42 

9-26 

30  „  40  „ 

1505 

15-62 

40  „  50  „ 

17*95 

16-67 

50  „  60  „ 

35-00 

33-33 

60  „  70  „ 

63-64 

40-00 

In  these  serieses  we  see  that  the  mortality  gradually  diminishes 
from  the  first  year  of  life,  in  which  it  is  very  large,  till  it  reaches 
its  minimum  between  the  15th  and  20th  years,  both  among  the 
vaccinated  and  the  unvaccinated.  It  then  gradually  increases  with 
the  age.  The  only  breaks  in  this  progression,  and  they  ar  but 
sliht,  ar  between  the  ages  4  and  5  for  the  vaccinated  and  10  to 
15  for  the  unvaccinated;  and  if  the  number  of  lives  under  observ- 
ation had  been  larger,  these  irregularities  woud  certainly  hav 
disapeard.  If  we  now  compare  the  rates  of  mortality  among  the 
vaccinated  and  unvaccinated  at  the  different  ages,  we  find  that 
between  10  and  40,  at  which  ages  there  ar  comparativly  few 
unvaccinated,  these  experienst  a  rather  hiher  mortality  than 
the  vaccinated;   but  a  much  loer  rate  at  all  other  ages,  and 
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especially  at  the  very  yungest.  Notwithstanding  that  the  mor- 
tality is  thus  so  much  lihter  among  the  unvaccinated,  yet  when 
all  ages  ar  taken  together,  the  rate  of  mortality  among  them  is 
23*20  agenst  15*61  per-cent  among  the  vaccinated,  being  a  precisely 
similar  result  to  the  one  we  hav  alredy  seen  in  the  observations 
for  the  year  1873.  The  hiher  mortality  among  the  unvaccinated 
is  entirely  due  to  the  cases  in  the  first  two  years  of  life;  for,  if  we 
leav  these  out  of  acount,  the  mortality  among  the  vaccinated  was 
13*37  per-cent  (210  out  of  1570),  and  that  of  the  unvaccinated 
12*82  per-cent  (66  out  of  515),  so  that  the  unvaccinated  abov  the 
age  of  2  experienst  a  lihter  mortality  than  the  vaccinated  of  the 
same  age.  Those  first  two  years  of  life,  however,  which  turn  the 
scale  so  much  agenst  the  unvaccinated,  sho  nevertheless  the 
striking  phenomenon  that  the  mortality  is  55*06  per-cent  among 
the  vaccinated,  and  only  42*44  per-cent  among  the  unvaccinated, 
from  which  it  is  clear  that  the  hevier  mortality  among  the  unvac- 
cinated as  a  whole,  is  in  no  way  due  to  vaccination,  but  is  a  natural 
consequence  of  the  greater  number  of  the  unvaccinated  who  wer 
atakt  at  the  ages  in  question. 

Among  the  revaccinated  who  wer  atakt  with  smalpox  (76 
in  number),  the  mortality  amounts  to  15*79  per-cent,  which, 
considering  that  there  wer  among  them  no  children  under  4  years 
of  age,  must  be  regarded  as  a  rather  unfavorabl  result,  and  at  the 
same  time  shos  how  litl  value  is  to  be  atacht  to  revaccination. 

The  number  of  those  who  had  previosly  had  smalpox  is  very 
small,  13,  and  the  mortality  among  them,  23*08  per-cent,  is  hih, 
the  reason  being  that  several  of  these  cases  ocur  at  advanst  ages ; 
but  the  fact  that  among  these  cases  there  wer  3  children  between 
the  ages  of  5  and  10,  certainly  shos  very  clearly  that  even  a 
previos  atak  of  small-pox  dos  not  long  act  as  a  protection  agenst  a 
second  attack,  and  that  any  so-called  immunity,  even  if  it  exists 
at  all,  can  only  be  of  very  short  duration. 

The  86  patients  who  ar  returnd  as  doutful  in  respect  of 
vaccination  sho  a  mortality  of  12*79  per-cent,  which,  considering 
that  there  was  no  child  among  them  under  3  years  old,  and  no 
person  older  than  50,  cannot  be  regarded  as  an  especially  favorabl 
result,  since  we  hav  alreddy  shoen  that  the  mortality  among  the 
unvaccinated,  excluding  children  under  two  years  of  age,  is  only 
12*82  per-cent.    (See  Table  C.) 

Collecting  now  our  results,  we  conclude — 

1.  Not  only  the  unvaccinated,  but  also  the  vaccinated,  the 
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revaccinated,  and  those  who  had  previosly  had  smalpox,  wer 
atakt.  Of  these  the  vaccinated  form  the  overwhelming  majority, 
certainly  becaus,  with  the  exception  of  the  first  two  years  of  life, 
there  are  many  more  vaccinated  than  un vaccinated  persons. 

2.  In  the  first  two  years  of  life  many  more  unvaccinated 
children  than  vaccinated  wer  atakt,  becaus  at  this  age  the  un- 
vaccinated ar  much  more  numerous  than  the  vaccinated, 

3.  Disregarding  extreme  old  age,  the  mortality  is  greatest  in 
the  first  two  years,  but  is  always  less  among  the  unvaccinated 
children  than  among  the  vaccinated  of  the  same  age. 

4.  Putting  these  two  years  aside,  the  mortality  is  almost  equal 
among  the  vaccinated  and  unvaccinated,  but  rather  hevier  among 
the  vaccinated. 

5.  Altho  the  mortality  among  all  the  unvaccinated  is  usually 
greater  than  among  the  vaccinated,  this  is  not  to  be  ascribed  to 
the  absence  of  vaccination,  but  only  to  the  greater  mortality  that 
ocurs  in  erly  childhood. 

6.  The  mortality  at  different  ages,  among  both  vaccinated, 
and  unvaccinated,  folios  the  general  law  of  human  mortality; 
and  vaccination  has  no  power  to  alter  this  law. 

7.  Looking  at  all  these  facts,  vaccination  apears  to  he  utterly 
useless. 

Any  unprejudist  person  who  observs  even  cursorily  the  facts 
here  brot  forward,  cannot  fail  to  admit  the  extreme  importance 
of  the  element  of  age  in  all  smalpox  statistics.  It  is  incom- 
prehensibl  that  the  frends  of  vaccination  shoud  stil  apeal  to 
statistics  in  which  the  age  of  the  persons  atakt  is  not  mentiond, 
and  argue  from  such  statistics  that  vaccination  afords  a  sure 
protection,  becaus  it  is  found  that  the  mortality  among  the  unvac- 
cinated is  usually  much  greater  than  among  the  vaccinated.  It  is 
true  that  almost  all  observations  sho  us  that  this  is  the  fact, 
but  there  ar  other  causes  which  contribute  to  it  besides  the  tender 
age  of  the  unvaccinated,  one  only  of  which  I  wil  now  mention, 
namely,  that  non  but  helthy  children  ar  vaccinated  and  that  the 
sikly  ar  usually  left  unvaccinated. 

What  woud  be  thot  of  the  argument  that,  becaus  the  mor- 
tality among  children  who  go  to  scool  is  much  less  than  among 
children  who  stay  at  home,  therefore  the  non-atendance  at  scool 
is  the  cause  of  the  greater  mortality  ?  Every  clearheaded  person 
at  once  sees  the  absurdity  of  such  an  argument,  becaus  it  is  just 
the  very  yung  and  the  sikly  children  who  stay  at  home;  but 
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the  frends  of  vaccination  argue  in  just  as  absurd  a  manner  about 
the  vaccinated  and  unvaccinated. 


Assuming  Dr.  Keller's  statistics  to  be  entirely  trustworthy, 
which  I  see  no  reason  to  dout,  it  apears  to  me  that  he  has 
certainly  establisht  two  points. 

First.  That  smalpox  statistics  in  which  no  acount  is  taken  of 
the  age,  ar  of  litl  value,  if  any,  and  ar  ofFen  positivly  misleading. 
This  is  clearly  shoen  by  the  folloing  figurs  taken  (or  deduced)  from 
Dr.  Keller's  table  (C)  relating  to  the  years  1872  and  1873  combined. 


Vaccinated. 

Unvaccinated. 

Age. 

Number 
of  cases. 

Deths. 

Mortality 
per-cent. 

Number 
of  cases. 

Deths. 

Mortality 
per-cent. 

Under  2 
Over  2 

89 
1570 

49 
210 

55-06 
1337 

278 
515 

118 

66 

42-44 
12-82 

Total 

1659 

259 

15-61 

793 

184 

23-20 

Here  the  rate  of  mortality  among  the  vaccinated  taken  as  a 
whole,  is  very  much  less  than  that  among  the  unvaccinated ;  but 
when  we  divide  the  cases  into  those  under  and  abov  two  years  of 
age,  we  find  that  in  each  class  the  mortality  of  the  vaccinated  is 
greater  than  that  of  the  unvaccinated.  If,  therefore,  the  age  wer 
not  taken  into  acount,  the  figurs  relating  to  the  vaccinated  and 
unvaccinated  of  all  ages  woud  lead  us  to  an  erroneos  conclusion. 

Secondly.  That  the  mortality  among  persons  atakt  with  smal- 
pox depends  almost  entirely  on  the  age,  and  is  very  litl  (if  at 
all)  afected  by  the  fact  of  their  having  been  vaccinated  or  having 
had  a  previos  atak  of  smalpox.  In  other  words,  the  rate  of 
mortality  among  the  vaccinated  persons  who  wer  atakt,  was  quite 
as  hevy  as  that  among  the  unvaccinated. 

It  dos  not  however  folio  that  vaccination  is  of  no  use.  In 
order  to  determin  as  to  this,  wc  require  further  information 
beyond  that  furnisht  by  Dr.  Keller's  tables,  namely,  as  to  the 
comparativ  numbers  of  the  vaccinated  and  the  unvaccinated  among 
the  population  of  55,000  to  60,000,  upon  whom  his  observations 
wer  made.  It  is  not  sufficient  to  say  as  he  dos,  that  under  the 
age  of  2,  there  ar  many  more  unvaccinated  children  than  vacci- 
nated and  that  therefore  the  number  of  unvaccinated  persons 
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atakt  with  smalpox  is  much  greater  than  that  of  the  vaccinated; 
while  abov  the  age  of  2  the  contrary  is  the  case.  In  order  to 
decide  the  question  at  issue,  we  require  to  kno,  at  all  events 
approximator,  the  respectiv  numbers  of  the  vaccinated  and  the 
unvaccinated.  Thus,  for  instance,  taking  the  age  5  to  10  in  tabl 
(C),  we  find  that  234  vaccinated  children  were  atakt  and  116 
unvaccinated,  the  former  number  being  almost  exactly  dubl  the 
latter.  If  now  vaccinated  and  unvaccinated  children  were  atakt 
in  the  same  proportion,  it  miht  fairly  be  argued  that  vaccination 
is  of  no  use;  but  if  the  proportion  of  vaccinated  children  who 
were  atakt  is  greatly  less  than  that  of  the  unvaccinated,  then  it 
woud  folio  that  vaccination  is  to  a  considerabl  extent  a  pro- 
tection against  smalpox.  To  apply  this  to  the  abov  instance ; 
if  the  vaccinated  children  between  5  and  10  wer  twice  as  numeros 
as  the  unvaccinated  and  no  more,  then  the  same  proportion  of  them 
were  atakt  by  the  disease  and  we  shoud  hav  som  reason  to 
believ  that  vaccination  afords  no  protection.  But  if  the  vaccinated 
children  wer  much  more  numeros  in  proportion  than  the  unvac- 
cinated, say  10  times  as  many,  then  the  proportion  of  them  which 
were  atakt  by  the  disease  was  only  one-fifth  of  the  proportion 
of  the  unvaccinated  that  was  so  atakt,  and  vaccination  aforded 
a  very  substantial  tho'  not  a  compleat  protection. 

On  the  whole  I  conclude  that  Dr.  Keller's  statistics  certainly  do 
not  justify  the  conclusions  he  has  drawn  from  them  as  to  the  use- 
lessness  of  vaccination. 

There  is  one  other  conclusion  which  the  statistics  apear  to 
suggest.    Thus  we  get  from  table  (C),  the  folloing  figurs. 


Age. 

Number  of  Persons  atakt 
who  wer  respectivly 

Ratio  of  the 
Vaccinated 
cases  to  the 
Unvaccinated. 

Vaccinated. 

Unvaccinated. 

Under    3  months 

1 

33 

•03 

3  to    6  „ 

16 

71 

•23 

6  „    9  „ 

16 

57 

•28 

9  „  12  „ 

16 

40 

•40 

1  „    2  years 

40 

77 

•52 

2  „  3 

41 

56 

•73 

3  „    4  „ 

64 

77 

•83 

4  „    5  „ 

55 

73 

•75 

5  „  10  „ 

234 

116 

2-02 

10  „  15  „ 

189 

48 

3-94 

15  „  20  „ 

275 

42 

6-55 

20  „  30  „ 

364 

54 

6-74 

30  „  40  „ 

219 

32 

6-84 

40  „  70  „ 

129 

17 

7'59 
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We  see  here  a  remarkably  steddy  progression  in  the  last  colum 
which  shos  the  ratio  of  the  number  of  vaccinated  persons  atakt 
to  that  of  the  unvaccinated.  If  we  adopt  Dr.  Keller's  vews,  we 
shal  say  that  under  the  age  of  5  the  number  of  unvaccinated 
children  atakt  is  greater  than  that  of  the  vaccinated,  becaus 
there  ar  more  unvaccinated  children  of  that  age  among  the  popu- 
lation; and  that  at  higher  ages  the  contrary  is  the  case.  This 
conclusion  apears  to  me  for  various  reasons  improbabl.  It  is 
difficult  to  believ  that,  if  any  legal  obligation  or  general  practis 
as  to  vaccination  exists,  the  unvaccinated  can  be  in  a  great  majority 
under  the  age  of  5  and  the  vaccinated  the  more  numeros  abov 
that  age.  In  order  to  decide  this  question,  it  woud  be  desirabl 
to  hav  information  as  to  the  age  at  which  vaccination  is  generally 
performd  among  the  population  under  consideration,  and  the  relativ 
extent  to  which  it  has  been  practist  in  former  as  compared  with 
recent  years.  In  order  for  the  abov  explanation  to  be  satisfactory, 
it  woud  be  necessary  that  for  a  long  series  of  years  past — at  least 
20  and  probably  more — there  shoud  hav  been  a  gradually  groing 
neglect  of  vaccination,  so  that  among  the  children  between  1  and  2 
years  of  age  the  unvaccinated  ar  twice  as  numeros  as  the  vacci- 
nated ;  between  5  and  10,  on  the  contrary,  the  vaccinated  ar  twice 
as  numeros  as  the  unvaccinated;  between  10  and  15,  four  times 
as  numeros,  and  from  15  upwards,  more  than  six  times  as  numeros. 
Upon  these  points,  no  dout,  Dr.  Keller  woud  be  abl  to  giv  accurat 
information,  and  it  is  to  be  hoped  he  wil  do  so  in  one  of  his  future 
yearly  reports. 

The  more  probabl  conclusion,  as  it  apears  to  me,  is  that  we 
hav  in  the  abov  figurs,  an  indication  of  the  gradual  wearing  out 
with  laps  of  time  of  the  protection  aforded  by  vaccination.  The 
rapid  increas  of  the  ratio  between  the  ages  of  5  and  20  apears  to 
indicate  that  between  those  ages  vaccinated  persons  becom  much 
more  susceptibl  to  the  infection  of  smalpox,  and  that  it  is  there- 
fore hihly  desirable  that  they  shoud  be  revaccinated. 

In  conclusion,  I  trust  I  may  be  alowd  to  express  a  hope  that 
this  discussion  of  the  statistics  put  forward  by  the  oponents  of 
vaccination,  may  be  useful  to  its  defenders,  by  indicating  to  them 
certain  points  on  which  further  information  is  desirabl. 
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[Eead  before  the  Institute,  26  Mar.  1877.] 
Part  II. — Financial. 

PERHAPS  I  owe  to  the  Institute  an  apology  for  bringing  forward 
so  late  in  the  day  this  second  part  of  my  paper.  When  first  I 
resolved  to  enter  on  the  investigation  of  which  I  have  now  the 
honor  to  submit  a  second  series  of  results,  the  ground,  at  least  in 
so  far  as  the  experience  of  the  20  Offices  was  concerned,  was  prac- 
tically unoccupied ;  for  although  Mr.  Sprague  had  written  on  the 
mortality  prevailing  among  assured  lives,  yet,  as  he  had  not  touched 
on  financial  matters,  I  conceived  that  there  remained  ample  room 
for  another  worker.  It  was  only  when  I  was  on  the  point  of 
sending  in  the  part  of  my  paper  which  has  already  been  printed 
in  the  Journal,  that  I  heard  of  Mr.  Berridge's  labours ;  and  not 
till  the  other  day,  when  the  calculations  for  this  second  part  were 
all  but  finished,  did  I  become  aware  that  Mr.  Sprague  intended  to 
deal  with  the  question  of  the  premiums  for  the  insurance  of  recently 
selected  lives.  Had  I  known  that  these  gentlemen  were  engaged  very 
similarly  to  myself,  I  should  probably  have  been  deterred  from  my 
task :  but  seeing  that  in  ignorance  of  their  movements  it  has  been 
completed,  perhaps  the  results  will  not  be  considered  valueless. 
vol.  xx,  R 


234  On  the  Mortality  amongst  Assured  Lives,  [July 

My  work  has  been  done  quite  independently,  and  different  thinkers 
who  proceed  altogether  without  concert  are  not  likely  to  follow 
exactly  the  same  lines.  It  will  be  found,  I  think,  that  I  enlarge  on 
topics  barely  referred  to  by  my  fellow-authors,  and  that  even  where 
we  approach  each  other,  we  still  view  the  subject  in  different  lights. 

Taking  up  the  threads  where  they  were  dropped  in  April  last 
[Journal,  vol.  19,  p.  381),  it  is  now  my  purpose  to  present  tables 
of  annuities  on  assured  lives  based  upon  the  "  Analyzed -Mortality 
tables",  and  to  accompany  them  with  such  explanations  and  remarks 
as  are  necessary :  to  touch  upon  the  measure  of  the  risk  premium, 
with  which  Mr.  Sprague  occupied  himself  in  his  late  paper  above 
mentioned :  and  to  give  illustrative  examples  of  policy  values  derived 
from  what  I  conceive  to  be  the  nearest  approach  to  a  "  true  table  of 
mortality"  which,  in  the  present  state  of  statistics,  we  are  able  to 
achieve.  I  shall  then  explain  the  construction  of  a  " Model  Office" 
— to  adopt  a  ready  coined,  but  not  very  felicitous  phrase — from  the 
"  Mortality  Experience",  and  give  a  comparison  of  its  valuations 
by  the  principal  data  in  use  in  this  country :  and,  finally,  I  shall 
try  to  illustrate  the  methods  by  which, — with  the  aid  of  auxiliary 
tables,  and  formulas  of  convenient  shape — the  valuations  of  the  model 
office  may  be  practically  turned  to  account.  It  is  my  hope  that  it 
will  prove  an  implement  by  the  judicious  and  cautious  use  of  which 
may  be  solved  with  sufficient  accuracy  some  of  the  most  important 
problems  that  come  before  the  actuary  of  a  life  office. 

In  the  preparation  of  the  "  Analyzed-Mortality  tables"  I  was 
much  struck  with  the  great  vitality  which  prevailed  at  about  ages 
65  to  80  among  the  entrants  at  25  and  30  years  of  age.  When 
the  comparative  statement  given  in  Table  E  (Vol.  19,  p.  389)  was 
completed,  the  peculiarity  became  very  apparent,  as  the  following 
extract  from  that  table  will  show  : — 


Extract  from  Table  E. 


Annual  Mortality  per-cent  for  Age  at  Entry, 

Present  Age. 

25 

30 

35 

65  to  69 

476 

4-66 

5-08 

70  „  74 

6-53 

557 

7-56 

75  „  79 

... 

1022 

11  90 

The  mortality  tables  for  all  the  other  ages  at  entry  nearly 
agreed  with  that  for  age  at  entry  35,  and  it  was  therefore  evident 
that  the  disturbance  lay  in  the  tables  for  ages  at  entry  25  and  30. 
In  the  discussion  which  followed  the  reading  of  the  paper,  Mr. 
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Manly  commented  on  the  irregularity,  and  in  my  reply  I  stated 
that  the  figures  were  derived  from  the  original  data  by  the  process 
explained,  and  that  they  had  not  in  any  way  been  arbitrarily  altered. 
Both  before  that  time  and  since,  the  matter  has  had  my  serious 
consideration,  and  had  the  calculations  for  the  first  part  of  the 
paper  not  been  already  too  far  advanced  before  the  difficulty  was 
observed,  some  slight  modification  might  have  been  made  in  order 
to  avoid  it.  There  cannot  be  any  reason  why,  among  persons  now 
aged  70  to  74,  and  who  assured  their  lives  at  25  and  30,  the 
mortality  per-cent  should  be  only  5*53  and  5*57  respectively, 
while  among  persons  of  the  same  present  age,  but  who  assured 
five  years  later,  at  35,  it  is  7*56,  or  2  per-cent  in  excess.  The 
fluctuation  is  manifestly  accidental.  Before  proceeding  to  calculate 
the  annuity  values  which  form  the  foundation  for  the  present  part 
of  the  paper,  I  again  looked  into  the  matter,  and  came  to  the  con- 
clusion that  it  was  desirable  to  make  a  slight  correction.  A  process 
of  grouping  had  already  been  resorted  to  at  the  higher  ages,  and 
the  course  which  now  obviously  suggested  itself  was  to  carry  it  a 
little  further.  After  careful  thought  I  determined,  for  the  mortality 
tables  for  ages  at  entry  20,  25,  and  30,  to  incorporate  with  the 
lives  who  entered  at  these  ages,  and  remained  under  observation 
at  ages  70  to  80,  those  of  the  same  present  age  who  entered  at 
age  35.  A  sufficient  rectification  would  in  this  way  be  effected 
without  an  undue  manipulation  of  the  raw  material,  and  the  mor- 
tality tables  would  assume  a  character  probably  more  in  accordance 
with  actual  facts  apart  from  accidental  perturbations.  For  the 
three  mortality  tables  for  ages  at  entry  20,  25,  and  30,  the  new 
values  of  px  have  therefore  been  prepared  on  this  plan  which  are 
given  in  Table  M ;  and  they  must  be  substituted  for  those  which 
appear  in  the  mortality  tables  as  printed  (vol.  19,  pp.  399  and  400) 
for  those  ages  at  entry.  They  have  been  adopted  in  calculating 
the  annuity  values  given  in  the  succeeding  Table  N. 

Table  M. — New  Values  of  pxfor  the  Analyzed- Mortality  Tables 
for  Ages  at  Entry  20,  25,  and  30. 


Present 
Age. 

New  Value  of 
Px- 

Present 
Age. 

New  Value  of 
Px- 

68 

949389 

75 

908541 

69 

944531 

76 

897255 

70 

9 1 2060 

77 

885821 

71 

939102 

78 

871851 

72 

934171 

79 

865136 

73 

927104 

80 

854090 

74 

918540 

81 

842916 

u2 
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Table  N. — Annuities  on  Assured  Lives. 


Age  at  Entry,  20. 

Age. 

3  per-cent.  j 

3j  per-cent. 

4  per-cent. 

20 

j 

21*250 

19*529 

18*026 

1 

20-967 

19*286 

17*815 

2 

20-722 

19*077 

X  U  \S  4  1 

17*635 

3 

20*475 

18*866 

17*454 

4 

20*249 

18*674 

17*290 

25 

20*056 

18*512 

17*153 

6 

19*874 

18*360 

17*026 

7 

19*704 

18*220 

16*910 

8 

19*567 

18*110 

16822 

9 

19*411 

17*983 

16*718 

30 

19*245 

17*846 

X  #    KS>  XI/ 

16*605 

1 

1 0*054 

It/  V't/X'  j 

17-686 

16-471 

x  yj  j  /  x 

2 

18*852 

17-516 

x  f  t»x.v* 

16*327 

3 

18*613 

17-31 1 

X  f    «»  X  X 

1  fi-151 

Xv»  iui 

4 

18*372 

17*105 

15*973 

35 

18115 

16*883 

1 5*780 

ill    #  <JV_/ 

6 

17*889 

16*689 

15-614 

7 

17*  689 

X  4 

16-520 

1 5*471 

XO  -T  4  X 

8 

17*480 

16*343 

15*320 

9 

17*261 

16156 

15*160 

40 

17*034 

15*961 

14*993 

1 

16*770 

J-\J  4  4  v/ 

15*731 

14*792 

X  Jl  4  \J  U 

2 

16*485 

15*481 

14*573 

3 

16*187 

XVJ  J-  w  | 

15*219 

1 4*341 

X  X  WTl 

4 

1 5*890 

14*957 

XT3  t'fj  4 

14*109 

X  x  Xv/c/ 

45 

15*588 

14*689 

1 3*871 

Xt»  U  /  JL 

6 

15*283 

14*418 

13*630 

7 

15*016 

14*183 

1 3*422 

XO  XiifcJ 

8 

14*716 

X^E  1  J-\J 

13*916 

13*184 

X  »J  X  <J  X 

9 

14*425 

13*658 

1 2*954 

Xm  C«J  x 

50 

1 4*1 57 

XTC   lU  f 

1 3-420 

1  2*743 

X£J  1  rtO 

1 

X*J  VJCTC 

13-187 

1 2*537 

X Lu  OfJ  4 

2 

13*562 

XU  UIJW 

12-888 

1 2-267 

X.U  £U\J  4 

3 

13*253 

12-61 1 

1 2*01  7 

4 

12*926 

12*315 

1 1  *750 

xx  | 

55 

12*57fi 

11  *997 

XX  tJU  1 

1 1  *461 

XX  tux 

6 

1  2-219 

X^  till/ 

1 1  -f.72 

XX   \J  t  £J 

11  *1 64 

XX  XU^lJ 

7 

1 1  *844 

X  x  (jTctr 

1 1  -329 

XX  04JO 

10*849 

X\J  CJrtV 

8 

11*451 

X x  rrtXX 

10-967 

XVy  .71// 

10-515 

9 

1 1  *042 

X X  '/  1>. 

10*589 

10*1  fi5 

XKJ  X  \JO 

60 

10-618 

XV/  uxo 

10- 19*1 

XV  ii)t) 

9*799 

V  4  VV 

1 

10*1  ^4 

XU 

9*7f,1 

Q*3Q3 

2 

9-758 

9*392 

9-048 

3 

9-391 

9-019 

8*728 

4 

9*01  9 

8*701 

8-409 

65 

8*684 

8*388 

8-109 

6 

8*327 

8052 

7*794 

7 

7938 

7685 

7-447 

8 

7-583 

7350 

7-131 

9 

7227 

7*013 

6812 

70 

6*881 

6*685 

6501 

1 

6-523 

6*345 

6177 

2 

6*154 

5*993 

5-841 

3 

5*785 

5*640 

5*503 

4 

5*427 

1 

5-296 

5178 

Age  at  Entry,  25. 


3  per-cent.  i 

1 

3£  per-cent.  j 

1 

4  per-cent. 

25 

20*573 

18*986 

17*597 

6 

20*247 

18*703 

17-350 

7 

19*997 

18*490 

17-167 

8 

19*744 

18*274 

16-981 

9 

19*528 

18091 

16*826 

30 

19*323 

17-919 

16*681 

1 

19-111 

17*740 

16*529 

2 

18-889 

17-552 

16*369 

3 

18-666 

17-363 

16*208 

4 

18417 

17*149 

16*023 

35 

18-165 

16*932 

15*835 

6 

17-916 

16*718 

15*650 

7 

17*672 

16-508 

15*469 

17*408 

16-279 

15*269 

9 

17-151 

16-057 

15076 

40 

16*889 

15-830 

14*878 

1 

16*633 

15-608 

14-684 

2 

16*357 

15*367 

14*472 

3 

16-080 

15124 

14-258 

4 

15*806 

14*884 

14*047 

45 

15*504 

14*617 

13-810 

6 

15*197 

14*345 

13*568 

7 

14*885 

14*067 

13-320 

8 

14*568 

13*784 

13*066 

9 

14*235 

13*485 

12-797 

50 

13*907 

13*190 

12-531 

1 

13*549 

12866 

12-237 

2 

13*191 

12*541 

11*941 

3 

12*839 

12*220 

11*649 

4 

12*524 

11-935 

11-390 

55 

12*212 

11*652 

11133 

6 

11*907 

11*375 

10-881 

7 

11-608 

11*103 

10-633 

8 

11*302 

10*824 

10-378 

9 

10*929 

10-480 

10061 

60 

10*545 

10.125 

,  9*731 

1 

10*129 

9*737 

9*370 

2 

9*758 

9*392 

9-048 

3 

9*391 

9-049 

8*728 

4 

9*019 

8*701 

8-402 

65 

8*684 

8*388 

8*109 

6 

8-327 

8*052 

7*794 

7 

7-938 

7-685 

7*447 

8 

7-583 

7-350 

7131 

9 

7-227 

7013 

6-812 

70 

6-881 

6-685 

6*501 

1 

6523 

6345 

6177 

2 

6154 

5*993 

5*841 

3 

5*785 

5*640 

5-503 

4 

5*127 

5-296 

5-173 
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Table  N. — Annuities  on  Assured  Lives — (continued). 


Age  at  Entry,  20. 

Age  at  Entry,  25. 

Age. 

Age. 

Oj  pnl  -L  ell  I . 

Q  nuv.r>^nt 

Org*  pri-ucJlt. 

75 

5*085 

4-968 

4-857 

75 

5085 

4-968 

4*857 

6 

4-765 

4-660 

4-560 

6 

4*765 

4-660 

4-560 

7 

4-470 

4-375 

4-285 

7 

4-470 

4-375 

4-285 

8 

4-198 

4112 

4-031 

8 

4-198 

4112 

4-031 

9 

3-942 

3-865 

3-792 

9 

3-942 

3-865 

3-792 

80 

3-693 

3-624 

3-558 

80 

3-693 

3-624 

3-558 

1 

3-454 

3-392 

3-333 

1 

3-454 

3-392 

3-333 

2 

3-220 

3-165 

3112 

2 

3-220 

3-165 

3112 

3 

3-008 

2-959 

2-911 

3 

3-008 

2-959 

2-911 

4 

2-820 

2-776 

2-733 

4 

2-820 

2-776 

2-733 

85 

2-653 

2-613 

2575 

85 

2-653 

2-613 

2-575 

6 

2  505 

2-469 

2-435 

6 

2-505 

2-469 

2-435 

7 

2-338 

2-306 

2-276 

7 

2-338 

2-306 

2276 

8 

2-197 

2169 

2143 

8 

2-197 

2-169 

2143 

9 

2-019 

1-996 

1-974 

9 

2019 

1-996 

1-974 

90 

1-787 

1-769 

1-751 

90 

1-787 

1-769 

1-751 

1 

1-508 

1-494 

1-480 

1 

1-508 

1-494 

1-480 

2 

1163 

1153 

1-144 

2 

1-163 

1153 

1-144 

3 

•865 

•859 

3 

•872 

•865 

•859 

4 

•590 

•585 

•582 

4 

•590 

•585 

•582 

95 

-383 

•380 

•378 

95 

•383 

•380 

•378 

6 

•271 

•269 

•268 

6 

•271 

•269 

•268 

7 

•162 

•161 

•160 

i 

•162 

•161 

•160 

Age. 

A 

Ag 

e  at  Entry,  30. 

Age. 

Age  at  Entry,  35. 

O  j'tl  k>CUt. 

3|  per-cent. 

4  per-cent. 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

30 

19-660 

18-237 

16-979 

1 

19-335 

17955 

16-733 

2 

19*045 

17-705 

16-516 

3 

18-755 

17*454 

16-298 

. 

4 

18-465 

17-203 

16-079 

35 

18-194 

16-969 

15-876 

35 

18-595 

17-342 

16-218 

6 

17926 

16-737 

15-675 

6 

18-234 

17-025 

15-938 

7 

17-665 

16-512 

15-480 

7 

17915 

16-746 

15-693 

8 

17-397 

16-280 

15-278 

8 

17605 

16-476  ! 

15-456 

9 

17122 

16-040 

15-069 

9 

17-304 

16213 

15  226 

40 

16-838 

15-792 

14-851 

40 

17-011 

15-957  j 

15-002 

1 

16*549 

15-539 

14-628 

1 

16-710 

15-693  ! 

14-770 

2 

16-252 

15-278 

14-397 

2 

16-402 

15422  1 

14-531 

3 

15-945 

15-007 

14-157 

3 

16-085 

15-142 

14-283 

4 

15-632 

14-730 

13-910 

4 

15-760 

14-854 

14-027 

45 

15-312 

14-445 

13-656 

45 

15-427 

14-558 

13-763 

6 

14-987 

14-155 

13-396 

6 

15-090 

14-257 

13-494 

7 

14-655 

13-857 

13-129 

7 

14-750 

13952 

13-221 

8 

14-332 

13-568 

12-869 

8 

14413 

13-650  i 

12-950 

9 

14-006 

13275 

12  605 

y 

14-076 

13-348  1 

12-678 

50 

13693 

12-993 

12-351 

50 

13-751 

13056 

12-415 

1 

13-380 

12-711 

12-096 

1 

13-418 

12755 

12143 

2 

13058 

12-420 

11-832 

2 

13-076 

12-446 

11862 

3 

12-727 

12120 

11-559 

3 

12-723 

12-125 

11-570 

i4 

12-386 

11-809 

11-276 

4 

12-365 

11-798 

11-272 
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Table  N. — Annuities  on  Assured  Lives — (continued). 


e  at  Entry,  30. 

Age  at  Entry,  35. 

Age. 

Age. 

3$  per-cent. 

4  per-cent. 

3  per-cent. 

3h  per-cent. 

4  per-cent. 

55 

12-038 

1 1  -491 

X  JL  X  k7  X 

XV  voo 

55 

1  9-000 

1 1  -464 

XX  lU  J! 

10-966 

X\J  %J\J\J 

6 

11-680 

11-163 

JL  X   X  \JtJ 

1  0-6S3 

6 

1 1  -£26 

X  X  \JhJ\J 

1 1  -1  21 

XX   i  —  JL 

10*650 

7 

11-326 

10-837 

10*383 

7 

1 1  •257' 

XL  C  xj  f 

10*781 

X\J  1  ox 

10*337 

8 

10-968 

10*507 

10-078 

8 

10*884 

10*436 

10*018 

9 

10*611 

10-177 

XV  XII 

9-772 

9 

1 0-51  4 

X  \J  O  X  r 

10-094 

9*701 

60 

10*276 

9-86S 

9-486 

60 

10-137 

X\J  JLt)  / 

9-744 

9*376 

1 

9-938 

9*554 

9-1  95 

V  xvo 

1 

9  767 

9-4,00 

9*056 

2 

9*610 

ij  .£X.'£7 

S-91  2 

O  vxu 

2 

9-392 

9-050 

8*729 

3 

9-284. 

8*9  ifi 

8-6v>9 

3 

9-032 

8  714 

8*414 

4 

8*954 

8-630 

8-342 

4 

8-H70 

8-375 

O  O  l  o 

8*096 

65 

8*624 

8*331 

8*053 

65 

8-306 

8*033 

7*774 

6 

8-292 

O  \J xu 

7-761 

6 

7-952 

7-700 

7-460 

7 

7*945 

7-692 

7*454 

7 

7-fiOO 

7-368 

7*146 

8 

7*583 

'7-350 

7-1 31 

8 

7-252 

7-038 

6  834 

9 

7-227 

9 

fi-705 

6-517 

70 

6*881 

6*685 

6-501 

V/  t/ v/  X 

70 

6-547 

V  OX?  1 

6-368 

6-196 

1 

6*523 

ft- 345 

fi-1  77 

1 

6- 1 88 

U  LOO 

60>6 

5-869 

2 

6154 

5-993 

5-841 

t>  O  XX 

2 

5-836 

5-689 

5*546 

3 

5-785 

5-64.0 

5-503 

3 

5-498 

O  X£70 

5-364 

5-235 

4 

5*427 

5-296 

5*173 

4 

5-1 84 

5*062 

4*945 

75 

5-085 

4-96  S 

4*857 

75 

4-901 

4*792 

4*685 

6 

4-765 

4  fi60 
uuu 

4-560 

6 

4-f»30 

X  \J(X  w 

4-529 

4-432 

7 

4-470 

4-285 

7 

4-371 

4-279 

4-191 

X  X£7X 

8 

4-198 

4-1 12 

x  xxij 

4-031 

8 

41 23 

4*010 

rr  v  xv/ 

3-960 

9 

3  912 

3'8o5 

3*792 

9 

3*883 

3*808 

3*736 

80 

3-693 

3*624 

3*558 

80 

3-6  17 

full 

3-579 

3*514 

1 

3-454 

3*392 

3*333 

1 

3-428 

3-367 

3*308 

2 

3-220 

3*165 

3*112 

2 

3-220 

3*165 

3*112 

3 

3-008 

2-909 

2-91 1 

3 

3-00S 

2959 

2*91 1 

4 

2-820 

2*776 

2-733 

4 

2*820 

2-776 

2*733 

85 

2-653 

2*613 

2  *  r»  7  rt 

85 

2*653 

2  613 

2*575 

6 

2505 

2-4(59 

2435 

6 

2*505 

2*469 

2*435 

7 

2-338 

2306 

2-276 

7 

2-338 

2*306 

2*276 

8 

2-197 

2*169 

2-143 

8 

2-197 

2*169 

2*143 

9 

2-019 

1*996 

1-974 

9 

2*019 

1*996 

1*974 

90 

1-787 

1-769 

1-751 

93 

1-787 

1-769 

1-751 

1 

1-508 

1-494 

1-480 

1 

1*508 

1*494 

1*480 

2 

1-163 

1-153 

1-141 

2 

1*163 

1-153 

1144 

3 

•872 

•865 

•859 

3 

•872 

•865 

•859 

4 

•590 

•585 

•582 

4 

•590 

•585 

•582 

95 

•383 

•380 

•378 

95 

•383 

•380 

•378 

6 

•271 

•269 

•268 

6 

•271 

•269 

•268 

7 

•162 

•161 

•160 

7 

•162 

•161 

•160 

1877.]         and  the  requisite  Reserves  of  Life  Offices.  239 


Table  N. — Annuities  on  Assured  Lives — (continued). 


Age. 

Age  at  Entry,  40. 

Age, 

Age  at  Entry,  45. 



3  per-cent. 

l 

3i  per-cent. 

i 

4  per-cent. 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

40 

17-25""! 

18*1  82 

XD  lOfl 

1  v91  9 
XO  —  I  — 

1 

1  8*840 

XU  Oxv 

XO  Oil 

X*±<  OOv 

2 

1  8*470 

J.  U  X  /  \J 

1  "v489 

it)  xO^i 

X  *  ooo 

3 

1  81  '21 

1  *vl  79 
i  o  i  i  — 

1  4*31 0 

X'X  OXv 

4 

XO  1  i  \J 

i 4*88**; 

1'Jb  Out) 

XX'  vOO 

45 

X  O  XOV 

1  4***»n8 
X  x1  O  O  \J 

13*7-»0 
xo  /  o<j 

45 

1  *v4<'( ) 

XO  "dtJU 

1 4*8X(  \ 

1  3*840 

XO  Oxv 

6 

J.  o  voo 

1  4»  9  J  ^ 

X"*  ^X'O 

XO  xOv 

6 

1  "vOJtt 

XO  vxO 

1  4*93 1 

iTb  601 

1  3*  47k 
xo  *x / o 

7 

1  1*732 

-1-  A  /  Ou 

1  3*0'U) 

XO  oOv 

1  3*1  Q8 

X  O  JL  U  \J 

7 

1 4*8«0 

IXj  uou 

1  3-M01 
xo  ty\J  l 

1  3*1  81 
xo  xox 

8 

14*388 

xo  u.«x 

1  2*01  K 

i.U  V  i  .O 

8 

14*323 

Xx)  — <P  1 

1 3*^80 

X  O  OOV 

1  2*802 

9 

1 4*055 

1  3*322 

XO  "  _ — 

1  9*84  S 

X—  UtO 

9 

1  3*081 

XO  t/v  L 

1  3*9.^3 
xo  ^fjo 

1  2*^07 

XA  OO  1 

50 

1  3*720 

1  3*020 

1  2*375 

50 

1 3*505 

XO  oco 

12*922 

12*297 

X  —  UO  1 

1 

13  *377 

XO  O  /  / 

1  9*700 

Xai    /  VO 

1  2*003 

1 

1 3*294 

XO  r 

1  j?*r>88 

li  OOU 

1 1  -001 

X  X  oox 

2 

13 '041 

xc»  u  r  J. 

1  2*404 

1 1 *81 8 

XX  OX V 

2 

1  2*848 

1  2*242 

1 1  -877 

X  X  \J  4  4 

3 

1  9*707 

X—   /  V< 

1  2*101 

X  «J  X  vX 

XX  O  ±  v 

3 

1  2*  180 

A — <  AvV 

1  1  *880 

X  X  ooo 

1 1  -354 

XX  oox 

4 

12*369 

1  1  *704 

XX   /  O  x! 

1 1  *2i0 

4 

1  2*088 

X«J  W(J) 

1 1  *530 

XX  OOv 

11-024 

55 

12*097 

_L  —    V.—  / 

1 1  •482 

XX  tOm 

X  V  iJ  t  O 

55 

11*882 

X  X  UOfl 

X  X  X  i  o 

10*807 

-  V  vC  1 

6 

11*888 

L  X   V  UvJ 

11  -170 

XX   X  1  V 

1 0*887 

Xv  UO  / 

6 

1 1  *302 

X  X  O  V-J 

10*825 

10*374 

7 

11*341 

X  X  WTi 

1 0*854 

XV  Oui 

10*308 
Xv  ookj 

7 

1 0*()1  8 

XV  t/XO 

10*470 

xv  x /  v 

10045 

XV  VXO 

8 

1 0*980 

XV  OOO 

1 0*530 

XV  U(JU 

1 0,0Q7 

Xv  W  / 

8 

10*554 

XV  oox 

10*1  33 

XV  xoo 

0*733 

*7   I  OO 

9 

10*fi37 

XV  VO  / 

10*205 

XV  ii/VO 

0*7Q8 

9 

10*207 

0*81  2 

O  OXaJ 

0*435 

O   X  tj  o 

60 

1 0-270 

xv  u  4  o 

0*873 

O  O  #  O 

0*488 

60 

9*863 

0*403 

0*130 

o  XO./ 

1 

9*920 

0*540 

O  OXv 

0*1 7S 

i7  X  /  O 

1 

0*525 

0*1 70 
fill* 

8*847 

o  ox  / 

2 

9 -582 

0*207 

8*887 

O  O  v  / 

2 

0*187 

V  xo  / 

8*884 

o  ovx 

8-553 

3 

O  £d\JO 

8*874 

O  O  /  X 

o  ooo 

3 

8*845 

O  O  xo 

8*545 
o  oxo 

8*255 

o  *^o  o 

4 

8*852 

8*544 

O  O  r  Jc 

8*24t 

4 

8*408 

8*220 

7*050 

f  OOV 

65 

8*520 

O  O^tO 

8*233 

7*084 

65' 

81  54 

O  X  ox 

7*888 
/  ooo 

7*837 

/  vo  / 

6 

8-1  87 
oxo/ 

7*021 

7*871 
/  o/ X 

6 

7*702 

7*5  47 

/  ox/ 

7*31  5 

/  OX  J 

7 

7*851 

7*805 

7*374 

/  O  /  X' 

7 

7*431 

/  x?o  X 

7*208 

8*002 

8 

7*598 

7*200 

/  vOO 

8 

707  4 

/  v  /  X 

8*888 
u  ooo 

8*671 

U  V  <  X 

9 

7*1  7Q 
/  X  /  o 

8*971 

8*774 

9 

8*724 

v  /  u  X 

8*535 

V  oo  o 

8*354 

V  oox. 

70 

8*810 

8*820 

8*440 

O  XXiO 

70 

8*3S1 
o  oox 

8*208 

8*042 

1 

8*438 

v  ±00 

8*284 

v  £ivx! 

8*1 01 

U  X'JX 

1 

8*048 

v  VX:v 

5*888 

o  ooo 

5*737 

o  /  o  / 

2 

8*0*"i9 

V  VO*S 

5*808 

O  Oov 

o  /  -xo 

2 

5*71  5 
o  /  xo 

r>*x7i 

O  O  /  X 

5*433 

3 

5*884 

O  OOtt! 

O  O— fxj 

O  Oi7ii 

3 

O  Ot/O 

5*984 

5*1  30 

o  xoo 

4 

O  u(0 

O  xoo 

O  UOO 

4 

O  \JOV 

4-Q70 

X'  »7  /  V 

4*8n7 

X'  OO  /  | 

75 

4-09Q 

o«SO 

■*  OlO 

4*'7l  O 
*X'  /  Xv 

75 

X  OvO 

4*807 

4*504 

r  oox 

6 

4*81  1 

1'  Oil 

4***ilO 
■x  oxu 

4*41  A 

6 

4,tr»30 
Xj  OOv 

4*432 

X;  XO— . 

4*330 

X!  OOO 

7 

4*341 

X  oxx 

A- 9  xo 

4-1  fi3 

■X!  XDO 

7 

4*973 

1  4//0 

4*184 

X  XO  X 

4*000 

X!  VOO 

8 

4*083 

X  vOO 

4*001 
*X  UU1 

Q.Q99 

8 

4*09  1 

X1  \JLJi  ± 

3*043 

O  t/XO 

3*888 

O  Ovv 

9 

3*8**i9 

3*77« 
o  /  /  o 

O  /UO 

9 

3*802 

O  OUi 

3*728 

3*658 

80 

O  UOX 

o  oo'x 

O  OlO 

80  ; 

3-807 

O  Ov  / 

3*540 

O  OXV 

3*478 

O  X'  /  u 

1 

3*X  ^ift 

O  xOo 

q.o>77 
«J  of  I 

o  o±o 

1 

^•418 
o  x'lo 

3*3!>ci 
o  OOO 

3*207 

O  ^/o  / 

2 

3*99H 

O  —  — U 

Q.i  ^ 1  r. 
O  XOO 

Q  •  1  1  9 
O  11^ 

2 

3*990 

3*1  85 
o  xuo 

3*1 1  2 

3 

O  UUo 

^5  yoy 

9»Q1  1 
L  Jll 

3 

O  vvo 

9*0**i0 

2*01 1 

tj  O  x  X 

4 

O.QOA 

0.^7QQ 
Z  /DO 

4 

9*890  i 

9*778 

9*733 
^  /  oo 

85 

-  DOO 

9-fil  *-i 
~  DXO 

A  O  ID 

85 

~  ooo 

9*81  3 

_  vXO 

2*575 
—  o  /  o 

6 

4  ouo 

O-A  QX 
Z  4O0 

6 

OUO 

9*480 

2*435 

<—  X'OO 

7 

£  Ooo 

£t  OvD 

9-9*7^ 

7 

—  OOO 

9*308 

_  Ovv 

9*278 

8 

9-1  Q7 

9»1  fiQ 
-  1DJ 

9*1  A'i 

8 

2*1 07 

lo  / 

2*1  80 

M  XUo 

2*143 

«  XX'O 

9 

2*019 

1*996 

1-974 

9 

2-019 

1*996 

1*974 

90 

1*787 

1-769 

1-751 

90 

1-787 

1-769 

1*751 

i 

X 

1-508 

1-494 

1-480 

x 

1-508 

1-494 

1-480 

2 

1-163 

1-153 

1-144 

2 

1-163  1 

1153 

1-144 

3 

•872 

•865 

•859 

3 

•872  : 

•865 

•859 

4 

•590 

•585 

•582 

4 

•590 

•585 

•582 

95 

•383 

•380 

•378 

95 

•383 

•380 

•378 

•271 

•269 

•268 

6 

•271 

•269 

•268 

! 

•162 

•161 

•160 

7 

•162 

•161 

•160 
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Table  N. — Annuities  on  Assured  Lives—  (continued) . 


Age  at  Entry,  50. 

Age  at  Entry,  55. 

Age. 

Age. 

Tipr-pptit, 

51  liPT-ppnt". 

Q  1  ■npr-pprt'f. 

50 

14-255 

13531 

12-863 

1 

13-751 

13-070 

12-440 

2 

13-304 

12-661 

12-066 

3 

12-870 

12-264 

11-702 

4 

12-462 

11-891 

11-359 

55 

12-084 

11-545 

11-042 

55 

12432 

11-858 

11-336 

6 

11-713 

11205 

10-729 

6 

11-970 

11-431 

10-941 

7 

11-338 

10-860 

10411 

7 

11-549 

11-043 

10-582 

8 

10-963 

10-514 

10-091 

8 

11133 

10-670 

10*236 

9 

10585 

10164 

9*767 

9 

10-742 

10308 

9-901 

60 

10-204 

9-810 

9-438 

60 

10*350 

9-944 

9-563 

1 

9*819 

9-452 

9-104 

1 

9958 

9-579 

9  223 

2 

9440 

9-098 

8-773 

2 

9-565 

9-212 

8-880 

3 

9*067 

8-749 

8-446 

3 

9-173 

8*845 

8-536 

4 

8-699 

8-404 

8-122 

4 

8-785 

8*481 

8194 

65 

8-338 

8-065 

7*803 

65 

8-418 

8-136 

7-870 

6 

7-982 

7*730 

7-487 

6 

8-057 

7*796 

7*549 

7 

7*623 

7-391 

7-166 

7 

7*701 

7*460 

7231 

8 

7-265 

7052 

6-845 

8 

7*348 

7-126 

6-915 

9 

6-^03 

6713 

6-523 

9 

6-996 

6-792 

6-598 

70 

6-554 

6-376 

6202 

70 

6-665 

6-478 

6-299 

1 

6210 

6-048 

5-889 

1 

6-303 

6*133 

5-969 

2 

5-887 

5739 

5-594 

2 

5-966 

5-811 

5-661 

3 

5*583 

5-448 

5-316 

3 

5-645 

5-504 

5-367 

4 

5-301 

5*178 

5-058 

4 

5-343 

5-214 

5*089 

75 

5-028 

4-916 

4-807 

75 

5-063 

4-945 

4-831 

6 

4-750 

4-649 

4-551 

6 

4-803 

4-695 

4-591 

7 

4-451 

4-361 

4-273 

7 

4-559 

4-461 

4-366 

8 

4-138 

4-058 

3-980 

8 

4-324 

4235 

4-148 

9 

3-817 

3*747 

3-678 

9 

4092 

4-010 

3-930 

80 

3-507 

3-445 

3-385 

80 

3-866 

3-791 

3719 

1 

'62,12 

3167 

3-115 

1 

3-646 

3-578 

3-512 

2 

2-975 

2-926 

2-880 

2 

3-437 

3-376 

3-316 

3 

2-775 

2-731 

2-690 

3 

3-251 

3-196 

3  141 

4 

2  613 

2-573 

2-536 

4 

3-088 

3-038 

2-988 

85 

2-193 

2456 

2-422 

85 

2-915 

2-870 

2-824 

6 

2*359 

2-326 

2-295 

6 

2-749 

2709 

2-667 

7 

2-207 

2-178 

2-150 

7 

2-567 

2-533 

2-494 

8 

2-062 

2037 

2-012 

8 

2-344 

2-315 

2-280 

9 

1-917 

1-895 

1-874 

9 

2-082 

2-059 

2-027 

90 

1-730 

1712 

1-695 

90 

1-807 

1-789 

1-759 

1 

1-475 

1-461 

1-448 

1 

1-505 

1-491 

1-461 

2 

1-164 

1-153 

1-145 

2 

1-188 

1-178 

1144 

3 

•872 

•865 

•859 

3 

•872 

•865 

•859 

4 

•590 

•585 

•582 

4 

•590 

•585 

•5S2 

95 

•383 

•380 

•378 

95 

•383 

•380 

•378 

6 

•271 

•269 

•268 

6 

•271 

•269 

•268 

7 

•162 

•161 

•160 

7 

•162 

•161 

•160 
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Table  N. — Annuities  on  Assured  Lives — (continued). 


Ag 

3  at  Entry,  60. 

Age  at  Entry,  65. 

Age. 

Age. 

..  — 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

60 

10-874 

10-441 

10-028 

1 

10-322 

9-924 

9-542 

2 

9-868 

9.499 

9-144 

3 

9-424 

9-083 

8-753 

4 

9-002 

8-686 

8-380 

65 

8-612 

8-320 

8-046 

65 

9-549 

9*211 

8-891 

6 

8-213 

7*944 

7-691 

6 

8*898 

8-594 

8-306 

7 

7-815 

7*568 

7*335 

7 

8-419 

8-141 

7-878 

8 

7-431 

7-204 

6-990 

8 

7-990 

7-735 

7-494 

9 

7-0A4 

6-856 

6-659 

9 

7-605 

7-371 

7-149 

70 

6-690 

6-499 

6-319 

70 

7-235 

7-020 

6-816 

1 

6-353 

6-178 

6-013 

1 

6-868 

6-671 

6*484 

2 

6-042 

5-882 

5-730 

2 

6-506 

6-326 

6-155 

3 

5-756 

5-609 

5-469 

3 

6-157 

5-993 

5-837 

4 

5-498 

5-363 

5-235 

4 

5-812 

5-663 

5-521 

75 

5-228 

5-105 

4-988 

75 

5-475 

5-339 

5-210 

6 

4-957 

4-845 

4-739 

6 

5-151 

5-028 

4-910 

7 

4-685 

4-584 

4-488 

7 

4-859 

4-747 

4-640 

8 

4-417 

4-326 

4-239 

8 

4-613 

4-511 

4-413 

9 

4-157 

4-075 

3-997 

9 

4-386 

4-293 

4*203 

80 

3-904 

3-831 

3-761 

80 

4-192 

4-106 

4023 

1 

3650 

3*585 

3-523 

1 

4-028 

3-949 

3-873 

2 

3-374 

3-317 

3-262 

2 

3-852 

3-781 

3-711 

3 

3-104 

3-055 

3-006 

3 

3-645 

3-582 

3-519 

4 

2-839 

2-796 

2-753 

4 

3-410 

3-354 

3-298 

85 

2-616 

2-579 

2-541 

85 

3-139 

3-091 

3-043 

6 

2443 

2-410 

2-377 

6 

2850 

2-810 

2-769 

7 

2-270 

2-241 

2-212 

7 

2-548 

2-515 

2-481 

8 

2-079 

2-054 

2029 

8 

2-248 

2-221 

2-194 

9 

1-865 

1-844 

1-824 

9 

1-954 

1-933 

1-911 

90 

1-621 

1-604 

1-588 

90 

1-677 

1-660 

1-643 

1 

1-390 

1-377 

1-365 

1 

1-426 

1-413 

1-400 

2 

1163 

1-153 

1-144 

2 

1-163 

1-153 

1-144 

3 

•872 

•865 

•859 

3 

•872 

•865 

•859 

4 

•590 

•585 

•582 

4 

•590 

•585 

•582 

95 

•383 

•380 

•378 

95 

•383 

•380 

•378 

6 

•271 

•269 

•268 

6 

•271 

•269 

•268 

7 

•162 

•161 

•160 

7 

•162 

•161 

•160 

The  change  above  mentioned  in  the  values  of  px  of  course 
affects  the  annuity  values,  but  only  to  a  limited  extent,  and  it  was 
introduced  principally  for  the  sake  of  the  policy  values  used  in 
connection  with  the  model  office  later  on,  which  in  certain  cases 
would  have  taken  anomalous  forms  had  the  original  figures  been 
adhered  to.  The  annuities  were  calculated  at  4  per-cent  interest 
for  both  sets  of  values  of  pX}  and  the  effects  of  the  change  may 
best  be  shown  by  comparing  the  annuities  at  date  of  assurance,  as 
follows ; 
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Annuity:  Interest  4 per-cent. 


Original 

Altered 

Age. 

value  of  px. 

value  of  px 

20 

18*058 

18-026 

25 

17-642 

17-597 

30 

17*009 

16-979 

The  annuity  values  given  in  Table  N  have  been  directly  deduced 
from  the  "  Analyzed-Mortality  tables",  and  the  "  Analyzed-Mor- 
tality  tables"  themselves  were  prepared  by  a  process  as  rigid  as 
the  nature  of  the  facts  permitted  from  the  "  Mortality  Experience" 
of  the  20  companies.  Beyond  an  inconsiderable  grouping  at  the 
advanced  ages — resorted  to  in  order  to  obtain  sufficient  numbers 
to  produce  reliable  results,  and  so  planned  as  not  to  create  any 
appreciable  disturbance  of  the  prevailing  law  of  mortality — no 
artificial  methods  have  been  adopted  in  the  calculations.  We 
may  therefore  reasonably  accept  Table  N  as  the  best  exponent  yet 
extant  of  the  values  of  annuities  on  assured  lives.  It  is  true  that 
the  years  of  life  do  not  exactly  coincide  with  the  years  of  assurance, 
but  overlap  to  the  extent  of  six  months :  that  is,  the  annuity  on 
a  life  aged  %  +  n,  where  x  is  the  age  at  the  head  of  the  column, 
and  x-\-n  the  age  at  the  side,  is  the  annuity  on  a  life  now  aged 
exactly  x  +  n  on  which  a  policy  was  effected  n  —  \  years  ago  at  the 
age  x  +  \.  This  lack  of  correspondence  is  unavoidable  from  the 
way  in  which  the  experience  was  originally  made  up,  but  it  is  not 
worth  considering  as  regards  its  effects  on  monetary  values.  For 
practical  purposes  we  may  reckon  that  the  years  of  life  and  years 
of  assurance  are  identical, —  that  ax+n  is  an  annuity  on  a  life  aged 
x  +  n  on  which  a  policy  was  effected  n  years  ago  at  age  x.  The 
only  case  on  which  doubts  can  arise  as  to  the  safety  of  this 
assumption  is  where  n  —  Q,  and  ax  represents  an  annuity  at  the 
moment  of  assuring.  The  tables  have  been  calculated  on  the 
supposition  that  the  deaths  occurring  during  the  year  immediately 
succeeding  medical  examination,  are  exactly  double  those  occurring 
in  the  first  six  months.  This  assumption  is  not  altogether  satis- 
factory, but  it  is  difficult  to  devise  a  better  one.  In  the  first  part 
of  my  paper  I  touched  upon  the  point,  and  very  briefly  explained 
why  I  adhered  to  the  course  adopted  by  the  Institute  in  preparing 
its  tables,  and  treated  year  0  as  a  complete  year;  and  I  have  not 
since  then  seen  any  cause  to  alter  my  views.  We  have  had  in  the 
interim  the  benefit  of  Mr.  Sprague's  mature  experience,  but  so 
far  from  his  recent  paper  having  convinced  me  that  an  adjustment 
is  necessary,  1  am  rather  confirmed  in  the  opinion  that  it  is  unwise  to 
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attempt  a  rectification  of  the  figures  at  all.  Mr.  Sprague  made  very- 
elaborate  and  highly  instructive  endeavours  to  find  the  value  of  an 
annuity  at  the  moment  of  assuring,  and  the  results  he  has  arrived  at 
may  be  worth  the  thought  and  labour  he  has  bestowed  upon  them; 
but  the  corrections  which  he  has  found  it  necessary  to  introduce 
appear  to  me  so  arbitrary  as  to  be  dangerous,  and  it  is  evident  that 
we  must  place  our  trust  in  the  judgment  of  the  computer  and  not 
in  the  facts  themselves.  In  my  reply  at  the  close  of  the  discussion 
which  followed  the  reading  of  my  own  paper,  I  gave  with  a  little 
more  fulness  some  reasons  for  thinking  that  the  rate  of  mortality 
for  the  first  year  of  assurance  is  more  approximately  equal  to  that 
for  the  first  six  months  than  would  at  first  sight  be  supposed.  It 
is  a  conjecture  liable  to  be  disproved  wrhen  a  larger  mass  of  obser- 
vations has  been  made  on  this  special  point,  but  yet  it  appears 
probable  that  some  diseases  prove  rapidly  fatal  and  are  as  likely 
therefore  to  cause  claims  in  the  first  six  months  after  medical 
examination  as  in  the  second ;  that  some  are  prolonged  beyond  a 
year;  but  that  comparatively  few  last  from  six  to  twelve  months, 
and  cut  off  the  lives  assured  during  that  portion  of  the  first  year 
which  is  not  included  in  year  0.  But  it  may  be  said  that  even  in 
cases  of  acute  diseases  and  comparatively  sudden  death,  a  few  days 
generally  elapse  between  the  first  seizure  and  the  fatal  end;  and 
I  have  therefore  out  of  curiosity  recalculated  the  initial  annuity 
for  each  age  at  entry,  on  the  supposition  that  no  deaths  at  all  take 
place  during  the  first  month  after  passing  the  doctor,  and  that  the 
deaths  entered  in  the  "Experience"  under  year  0  all  fall  in  the 
succeeding  five  months.  Making  the  further  assumption  that  the 
number  of  deaths  per  month  remains  constant  for  the  rest  of  the 
year,  it  follows  that  to  obtain  the  total  corrected  number  of  deaths 
for  year  0,  we  must  multiply  those  registered  in  that  year  by  2*2, 
instead  of  by  2  as  is  usually  done;  or  in  other  words  we  must 
increase  the  initial  qx  of  the  "  Analyzed-Mortality  tables"  by  10 
per-cent.  I  say  it  with  diffidence,. but  it  appears  to  me  probable  that 
any  further  adjustment  would  be  in  excess,  and  that  by  the  above 
described  method  we  make  the  nearest  approach  to  perfect  accuracy 
of  which  the  circumstances  permit.  The  following  are  the  corrected 
annuities  as  at  date  of  assuring  based  on  this  hypothesis.  It  will 
be  observed  that  the  adjustment  has  had  the  most  insignificant 
effects,  in  most  cases  barely  reaching  the  second  place  of  decimals. 
It  has  not  been  taken  any  account  of  in  the  succeeding  investiga- 
tions, but  the  unadjusted  values  have  always  been  used. 
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Table  0. — Annuities  as  at  Date  of  Assurance.    Corrected  Values. 


Value  of  Annuity. 

Age. 

3  per-cent. 

3£  per-cent. 

20 

21-243 

19-522 

18020 

25 

20-567 

18-981 

17-593 

30 

19-652 

18-229 

16-972 

35 

18-587 

17*335 

16-211 

40 

17-249 

16-175 

15-206 

45 

15-480 

14-621 

13-832 

50 

14-248 

13-525 

12-857 

55 

12-416 

11-842 

11-321 

60 

10-863 

10-430 

10017 

65 

9-542 

9-205 

8-885 

It  is  an  easy  step  from  the  annuities  of  Table  N  to  pass  to  the 
whole  life  premiums  as  at  the  moment  of  assuring.  They  are  given 
at  3  per-cent  interest  in  Table  P.  They  have  been  placed  alongside 
of  the  corresponding  HM  premiums,  and  a  column  added  of  the 
percentages  by  which  they  differ  from  that  standard.  If  these 
percentages  showed  the  true  pressure  on  the  office  of  the  cause 
which  produces  the  difference  between  the  two  sets  of  premiums, 
they  are  not  of  sufficient  magnitude  to  attract  serious  attention. 
Mr.  Sprague  in  his  late  paper  on  this  particular  point,  after 
explaining  at  great  length  the  intricate  process  by  which  he  reached 
it,  dismissed  it  in  one  very  brief  paragraph.  But  in  the  dis- 
cussion which  followed  the  reading  of  his  paper,  I  adverted  to  the 
fact  that  we  must  look  deeper  in  order  to  ascertain  the  full  effect 
of  "  selection"  on  premiums.  It  is  well  known,  having  been 
first  pointed  out  by  Mr.  Sprague,  that  the  mortality  of  assured 
lives  has  three  marked  peculiarities.  It  is  during  the  first  two  or 
three  years  very  light :  after  that,  and  throughout  a  great,  and  for 
assurance  purposes  the  most  important,  period  of  life,  it  is  unduly 
heavy:  and  in  the  later  years  it  improves  again.  The  number  of 
policies  on  the  books  of  an  office  decreases  much  more  rapidly 
than  if  death  alone  were  the  cause,  and  it  therefore  follows  that  the 
number  of  assured  during  the  years  when  the  mortality  is  excessive, 
bears  a  larger  proportion  than  in  the  column  lx  from  which  the 
premiums  are  calculated  to  the  number  later  on ;  and  there  is  no 
source  from  which  the  company  is  recouped  for  the  loss  it  thereby 
incurs.  As  an  illustration,  I  have  prepared  Table  Q,  giving  the 
premiums  for  age  at  entry  25  for  term  assurances  of  various  dura- 
tions. It  will  be  observed  that  the  percentages  of  excess  over  the 
corresponding  HM  premiums  are  very  considerable,—  much  greater 
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than  in  the  case  of  whole  life  policies,  and  that  not  only  are  the 
percentages  greater,  but  for  forty  years  the  actual  differences  are 
larger  also.  Other  ages  at  entry  would  show  similar  results,  and 
it  should  be  noticed  that  the  same  cause  operating  among  the 
older  entrants,  where  the  percentages  in  Table  P  are  negative, 
tends  to  raise  the  true  risk  premium  towards  the  HM.  It  would 
therefore  appear  that  the  HM  premiums  at  the  younger  ages  are 
decidedly  too  low,  while  those  at  the  higher  ages  are  not  in  a 
corresponding  degree  too  high. 


Table  P.—  Annual  Premiums  per -cent.   Whole  of  Life.   3  per-cent. 


Age. 

HM 
Premium. 

Premium 
for  Lives 

just 
insured. 

Percentage 
greater  (+)  or 
less  (— )  than 
HM  Premium. 

Age. 

HM 
Premium. 

Premium 
for  Lives 

just 
insured. 

Percentage 
I  greater  (+)  or' 
less  (-)  than 
1 HM  Premium. 

20 

1427 

1-582 

+ 1086 

45 

3-114 

3-152 

+  1-22 

25 

1-625 

1-722 

+  5-97 

50 

3-801 

3-643 

-  4-16 

30 

1-880 

1-928 

+  2-55 

55 

4-725 

4-532 

1    -  4-08 

35 

2-193 

2-191 

-  0  09 

60 

5-987 

5-509 

-  7-98 

40 

2-589 

2-576 

-  0-50 

65 

7-705 

6-567 

1  -14-77 

Table  Q. — Annual  Premiums  per-cent.    Term  Assurances. 
3  per-cent.    Age  at  Entry,  25. 


Term. 

HM 

Premium. 

Premium  for 

Lives 
just  insured. 

Percentage 
greater  than 
HM  Premium. 

10  years 

•725 

•828 

14-21 

20  „ 

•827 

•984 

18-98 

30  „ 

•968 

1-117 

15-39 

40  „ 

1-172 

1-298 

10-75 

50  „ 

1-414 

1-507 

6-58 

In  Table  R  we  have  some  examples  of  policy  values  derived 
from  the  new  tables,  and  a  comparison  of  them  with  those  derived 
from  the  HM  and  the  combined  HM  and  HM5  tables  respectively. 
It  is  hardly  necessary  to  say  much  regarding  them,  as  the  figures 
do  little  more  than  confirm  those  of  Mr.  Berridge,  vol.  19, 
p.  360.  The  most  striking  fact  brought  to  light  by  Table  R  is, 
that  what  we  may  term  the  natural  policy  values  are  considerably 
below  the  combined  HM  and  HM5  values  for  young  ages  at  entry, 
but  gradually  creep  up  upon  them,  and  finally  pass  them  at  about 
age  at  entry  35  or  40.  We  have  already  seen  that  there  is  a  ten- 
dency in  experience  tables  as  usually  constructed  to  cause  us  to 
ask  too  low  premiums  for  young  lives,  and  now  it  further  appears 
that  we  are  also  liable  to  pay  too  much  for  the  policies  when  they 
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are  surrendered.  Circumstances  seem  curiously  to  conspire  to 
render  assurances  on  the  lives  of  young  persons  unprofitable.  The 
reserve  for  policies  of  less  than  five  years'  standing,  as  brought  out  by 
the  new  tables,  is  very  much  greater  than  the  HM,  though  it  seldom 
reaches  the  combined  HM  and  HM5 ;  but  the  combination  is  inde- 
fensible as  applied  to  so  recent  assurances,  because  it  omits  entirely 
the  years  of  the  experience  during  which  alone  they  have  been  in 
existence.  The  bearing  of  this  fact  should  not  be  lost  sight  of  in 
considering  the  question,  lately  so  much  discussed,  of  the  proper 
method  of  dealing  with  the  expenditure  and  reserves  for  new 
business. 

Table  R — (see  next  page). 
The  chief  aim  of  the  paper  hitherto  has  been  to  prepare  the 
way  for  ascertaining  what  accumulations  are  rendered  necessary 
to  a  life  office  by  the  peculiar  mortality  obtaining  amongst  the 
lives  assured,  and  to  show  in  tabular  form  the  relative  amounts  of 
reserve  created  by  the  principal  methods  of  valuation  in  common  use. 
In  order  satisfactorily  to  complete  the  work,  it  is  therefore  neces- 
sary to  have  a  hypothetical  office  as  closely  as  possible  resembling 
an  average  real  company  in  the  proportionate  number  of  policies 
existing  of  every  duration  on  lives  of  every  age.  To  construct 
such  an  office  we  must  know  two  things, — the  law  followed  by  the 
entrants  of  each  age  in  going  off  the  books  of  the  company,  and 
the  proportionate  numbers  that  assure  at  each  age.  Now  we  find 
in  the  "Mortality  Experience"  all  that  we  require,  always  assuming, 
as  we  have  done  throughout,  that  every  life  included  in  it  repre- 
sented one  whole-term  policy.  "  Table  of  observations  No.  1"  is 
a  complete  record  of  the  history  of  every  policy  in  the  20 
companies  issued  on  a  healthy  male  life.  At  the  top  of  the 
column  for  each  current  year  of  age  is  given  the  total  number  of 
entrants  at  that  age,  and  by  passing  down  the  column  we  learn 
the  fate  of  every  individual.  From  the  same  data  was  prepared 
the  " Discontinuance  table",  given  in  vol.  19,  p.  404,  and  the 
method  pursued  is  fully  detailed  on  p.  391.  We  are  now  concerned 
to  know,  not  at  what  rate  policies  terminate  from  "discontinuance" 
only,  but  from  all  causes,  death  included.  We  might  obtain  the 
probabilities  of  the  termination  of  policies  by  combining  the  pro- 
babilities of  death  and  discontinuance,  but  the  process  would  be 
tedious.  It  is  more  convenient  to  prepare  a  new  table,  and  this 
has  been  done.  Using  the  table  of  existing,  discontinued,  and  died, 
which  had  been  got  ready  for  the  discontinuance  table  above 
mentioned,  the  deaths  and  discontinuances  were  added  together 
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Table  E.~ Comparison  of  the  Values  of  Policies  for  £100. 
Interest,  3  per- cent. 


Years 

iu 
Force. 

at 
Entry. 

Analyzed 
Experience. 

I 

HM- 

HM  &  HM5 

•"■&c  | 
at 
Entry. 

Analyzed 
Experience. 

HM. 

HM  &  HM5 

5 

20 

5-366 

4*360 

- 

6-827 

45 

11-492 

10*228 

11*269 

10 

9*011 

9*440 

10-915 

23-093 

21091 

21*830 

15 

14-090 

14*996 

16*232 

34*124 

32*287 

32*833 

20 

18*948 

21-119 

22*085 

44«488 

43*243 

43-634 

25 

25*447 

27*987 

28*833 

55*240 

53*858 

54*089 

30 

31*879 

35-353 

36*103 

64-797 

Ux  4  *J  4 

63-471 

63*684 

35 

38-984 

43-175 

43*708 

72*062 

71  -420 

71*530 

40 

47-784 

M!  4    4  Ux 

51*238 

51*631 

77*847 

77-468 

/  /  1UO 

77*619 

f  4  vJXt/ 

45 

56*476 

59-128 

59*409 

83*099 

83-488 

UtJ  TOO 

83*743 

50 

64*580 

66-772 

\j\J  4  1  W 

66-938 

\J\J  %J*J \J 

91*613 

91  *47l 

91*846 

 1 

5 

25 

5*794 

5*311 

6*855 

50 

14*231 

12*100 

12*924 

10 

11*162 

11-121 

12*414 

26*555 

24-573 

25*180 

15 

17*077 

17*523 

18-533 

38*787 

36-777 

37*212 

20 

23*497 

24*705 

25*589 

50*482 

tJ\J  \Si\J4hJ 

48*601 

48*858 

25 

30*900 

32*406 

33-190 

60*485 

59-309 

59*546 

30 

38*757 

40-585 

41*142 

70*456 

68-164 

68*286 

35 

46*484 

49*016 

49-426 

77*103 

74*901 

75*069 

40 

55-111 

57*265 

57*559 

82*104 

81*607 

81*891 

45 

63*468 

65*258 

65*431 

90*934 

90-500 

90*917 

50 

71-793 

72*496 

72*656 

5 

30 

7*096 

6-135 

7*501 

55 

15-500 

14*189 

14*880 

10 

13659 

12*897 

13-963 

29*884 

28*074 

28*568 

15 

21*046 

20*481 

21-415 

42*935 

41*526 

41*818 

20 

28*882 

28614 

29*443 

54-862 

53*708 

53*977 

25 

36*893 

37-252 

37*840 

63*773 

63-781 

63*920 

30 

45*421 

46*156 

46*589 

70*853 

71*446 

71*637 

35 

53*417 

54-868 

55-178 

79*102 

79-075 

79*398 

40 

61*854 

63*309 

63*492 

89*704 

89-192 

89*666 

45 

70*547 

70953 

71*122 

... 

50 

77*285 

77-274 

77*361 

.  •  • 

.  . . 

... 

5 

35 

8*084 

7-203 

8*340 

60 

19*050 

16*180 

16*757 

10 

16-167 

15-284 

16*278 

35*237 

31*857 

32*198 

15 

24-721 

23*948 

24-831 

47*549 

46*053 

46*367 

20 

33-657 

33151 

33*777 

V*J    4  11 

58-700 

57*792 

*J  4    4  %J  U 

57*954 

25 

43*164 

42*636 

43  098 

Till  \J  %J \J 

69-547 

66-725 

66*947 

30 

52*508 

51*918 

C»X  t/XO 

52*249 

77-927 

75*615 

4  O  \JXU 

75*991 

35 

61*485 

61*106 

88*353 
OO  ooo 

87*405 

87*957 

O/   Ctl  / 

40 

69*875 

69-054 

69*234 

'  '  ' 

• .  > 

... 

45 

76-285 

75-788 

4  O  4  OO 

75*881 

... 

50 

OX  OO  4 

80«Q1  2 

Ox  v/-*U 

5 

40 

9-997 

8-708 

9*779 

65 
uo 

21*936 

1 8*703 

1Q*10Q 

Xi7  xuy 

10 

19-365 

18045 

18996 

38*620 

35*640 

36*014 

15 

28*639 

27*962 

28*637 

50*782 

49*645 

49*838 

20 

38-214 

38*183 

38*681 

60*764 

60*301 

60*567 

25 

47*850 

48-186 

48*542 

74*623 

70*908 

71*357 

30 

57-168 

57-876 

58-087 

86*890 

84*973 

85*633 

3.5 

67527 

66*652 

66846 

40 

74-522 

73*909 

74-009 

45 

79-989 

79-430 

79-568 

50 

84*733 

84-926 

85-159 
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for  each  year  of  assurance,  and  hence  for  each  of  the  ten  central 
ages  at  entry  was  deduced  a  table  of  "  Exposed  to  risk",  and 
"  Terminated",  in  the  manner  explained  on  p.  18  of  the  "  Mortality 
Experience",  for  the  similar  tables  of  " Exposed  to  Risk",  and 
"  Died",  given  in  that  volume.  The  probabilities  of  "  termination" 
were  then  easily  calculated,  and  all  that  remained  was  to  choose 
a  suitable  radix  for  each  central  age  at  entry,  and  multiply  con- 
tinuously by  the  arithmetical  complements  of  these  probabilities, 
slightly  graduated  to  remove  the  more  glaring  anomalies.  The 
radixes  which  naturally  presented  themselves  were  the  total  number 
entering  at  the  five  ages  which  were  combined  to  form  each  column 
of  the  table,  because  in  using  them  it  was  at  once  secured  that  the 
proper  proportion  entered  the  hypothetical  office  at  each  age.  In 
this  way  was  prepared  Table  S,  styled  "  Model  Office".  The 
numbers  against  year  0  are  the  entrants  at  the  ages  heading  the 
columns,  and  below  them  are  given  the  numbers  that  remain  in 
each  year  of  the  duration  of  the  policies.  It  is  in  fact  a  table  of 
lx  for  policies  instead  of  lives,  for  each  of  ten  ages  at  entry.  If 
we  assume  an  unvarying  stream  of  entrants  at  each  age  assuring 
at  the  beginning  of  every  year,  the  table  shews  us  further  the 
number  of  policies  of  each  duration  for  each  age  at  entry  existing 
in  a  model  office  at  the  end  of  any  given  period  of  time ;  and  on 
multiplying  these  numbers  each  by  its  corresponding  policy  value 
and  taking  the  sum  of  the  products,  we  finally  arrive  at  the  liability 
of  the  hypothetical  company. 


Table  S.— Model  Office. 


Dura- 
tion of 
Policy. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

Dura- 
tion of 
Policy. 

0 

8882 

22631 

26821 

23462 

17610 

12044 

7945 

4473 

2516 

1087 

0 

1 

8364 

21883 

25989 

22774 

17112 

11784 

7751 

4365 

2440 

1059 

1 

2 

7330 

19938 

24186 

21217 

15969 

11002 

7201 

3996 

2234 

956 

2 

3 

6633 

18592 

22853 

20156 

15129 

10109 

6807 

3757 

2076 

891 

3 

4 

6064 

17537 

21718 

19207 

14464 

9907 

6453 

3583 

1929 

825 

4 

5 

5644 

16682 

20773 

18416 

13891 

9475 

6149 

3409 

180L 

764 

5 

6 

5350 

15961 

20065 

17763 

13368 

9099 

5861 

3232 

1696 

707 

6 

7 

5092 

15336 

19382 

17193 

12906 

8766 

5597 

3039 

1592 

653 

7 

8 

4765 

14619 

18534 

16463 

12313 

8280 

5263 

2816 

1439 

562 

8 

9 

4571 

14215 

17936 

15982 

11927 

8001 

5045 

2679 

1329 

511 

9 

10 

4402 

13820 

17487 

15579 

11548 

7724 

4841 

2541 

1227 

461 

10 

1 

4215 

13417 

17016 

15171 

11188 

7419 

4615 

2402 

1129 

415 

1 

2 

4100 

13081 

16578 

11754 

10812 

7171 

44  J  8 

2266 

1034 

372 

2 

3 

3965 

12744 

16127 

11340 

10495 

6892 

4252 

2128 

914 

332! 

3 

4 

3839 

12407 

15744 

13926 

10157 

6612 

4057 

1997 

857 

293 

4 

15 

3722 

12083 

15353 

13518 

9823 

6339 

8853 

1867 

773 

255 

15 

6 

3613 

11799 

14975 

13130 

9484 

6076  1 

3616 

1746  j 

69  i 

219 

6 

7 

3512 

11523 

14581 

12757 

9138 

5810 

S  151 

1620  ! 

619 

187 

7 

8 

3418 

11254 

14214 

12392 

8810 

5536  ! 

3257 

1498  I 

546 

160 

8 

9 

3329 

10982 

13856 

12041 

8507 

5270 

3068 

1373 

481 

136 

9 
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Table  S. — Jlode]  Office — (continued). 


Dura- 
tion of 
Policy. 

20 

25 

30 

35 

l        1 A 

40 

45 

i  50 

55 

i 

60 

65 

Dura- 
tion of 
Policy 

20 

3246 

10711 

13500 

■  11692 

8195 

5019 

2S78 

1246 

420 

115 

20 

1 

3167 

10448 

13143 

11341 

7883 

4762 

2687 

11-0 

363 

97 

1 

2 

3090 

10187 

12783 

10992 

7^  S3 

4516 

2493 

997 

312 

80 

2 

3 

3015 

9970 

12431 

10646 

7281 

42S0 

2295 

879 

264 

65 

3 

4 

2944 

9754 

12070 

10301 

l  6969 

4024 

2094 

769 

220 

51 

4 

25 

2875 

9538 

11697 

9949 

6648 

374S 

1890 

666 

178 

3S 

25 

6 

2803 

9313 

11347 

9587 

i  6319 

3480 

16S9 

571 

139 

27 

6 

7 

2745 

90S9 

10998 

9220 

i  5999 

3215 

1498 

483 

107 

18 

7 

8 

26S7 

8S67 

10634 

b850 

1  5665 

!  2951 

1316 

402 

81 

12 

8 

9 

2632 

8644 

10259 

8466 

5355 

2687 

1152 

330 

61 

7 

9 

30 

25S0 

8393 

9S90 

8079 

5047 

2426 

1005 

268 

45 

3 

30 

1 

2532 

812S 

9511 

7690 

4739 

2171 

860 

215 

31 

1 

1 

2 

2485 

7-71 

9132 

7306 

4429 

1921 

71S 

170 

21 

2 

3 

213S 

7605 

8735 

6900 

4114 

16S3 

583 

135 

13 

3 

4 

2391 

7343 

8351 

64S0 

3793 

1453 

461 

105 

7 

4 

35 

2344 

7091 

7975 

60^6 

3470 

1235 

355 

81 

3 

35 

6 

2297 

6S46 

7585 

5709 

312$ 

1039 

272 

60 

1 

6 

7 

2251 

6603 

7213 

5323 

2781 

866 

206 

42 

7 

8 

2205 

6368 

6S39 

4925 

2446 

717 

153 

28 

8 

9 

2160 

6136 

6469 

4510 

2120 

581 

111 

16 

9 

40 

2114 

5887 

6110 

4079 

1809 

462 

80 

7 

40 

1 

2073 

5616 

5756 

3659 

1533 

360 

58 

2 

2 

2015 

5418 

5405 

3249 

128S 

278 

41 

3 

1950 

5160 

5049 

2855 

1054 

210 

26 

... 

4 

1882 

4S99 

4681 

2483 

863 

157 

15 

45 

1805 

4628 

4300 

2137 

683 

117 

6 

6 

1731 

4361 

3907 

1813 

535 

86 

2 

7 

1661 

4097 

3506 

1517 

414 

62 

8 

1582 

3826 

3106 

1255 

312 

39 

9 

1502 

3545 

2708 

1018 

233 

22 

50 

1419 

3255 

2343 

810 

174 

10 

1 

1337 

2958 

2001 

631 

128 

3 

2 

1256 

1:655 

1687 

488 

92 

1 

3 

1173 

2352 

1396 

367 

59 

4 

1087 

2052 

1132 

275 

33 

55 

998 

1774 

901 

205 

15 

::: 

6 

907 

1517 

702 

151 

5 

7 

814 

1279 

542 

108 

1 

8 

721 

1057 

408 

69 

9 

629 

858 

307 

39 

... 

60 

544 

682 

229 

17 

1  1 

1 

465 

532 

168 

5 

...  1 

2 

392 

411 

121 

1 

3 

324 

310 

77 

4 

263 

232 

44 

:::  1 

65 

209 

173 

19 

... 
... 

6 

163 

127 

6 

7 

126 

91  : 

2 

8 

95 

59  i 

... 

... 

... 

9 

71 

33 

70 

53 

13 

1 

39 

3 

... 

2 

28 

3 

18 

:::  1 

.  4 

10 

75 

4 

j 
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Besides  using  table  S  as  the  model  office  for  valuation  purposes, 
we  can  turn  it  to  account  in  other  interesting  ways.  For  instance, 
we  can  find  what  may  be  termed  the  "expectation  of  existence" 
of  policies  in  contradistinction  to  the  "  expectation  of  life"  of 
persons.  The  following  is  a  comparison  of  their  respective  values, 
the  expectations  of  life  being  taken  from  the  "  Analyzed- Mortality 
tables"  given  with  Part  I  of  the  paper,  and  all  the  expectations 
being  curtate. 

Table  T. — A  comparison  of  the  Curtate  Expectations  of  Life  of 
Persons  (ex),  and  the  Curtate  Expectations  of  Existence  of 
Policies  (e'x)  at  the  date  of  assuring. 


Age. 

Age. 

20 

40-109 

19-850 

45 

22-952 

17119 

25 

37*238 

22-830 

50 

20-302 

15178 

30 

33-929 

22-540 

55 

16-935 

13-169 

35 

30-415 

21-230 

60 

14-225 

10-773 

40 

26-980 

19-323 

65 

12093 

9-450 

In  Table  V,  placed  at  the  end  of  the  paper  for  convenience, 
are  shown  the  reserves  of  the  model  office  made  by  various  tables 
of  mortality  at  various  rates  of  interest,  and  comparisons  of  the 
same  with  that  by  the  combined  HM  and  HM5  tables  at  3,  3^  and 
4  per-cent  interest  respectively.  It  is  the  embodiment  of  very 
great  labour,  and  I  hope  it  may  prove  permanently  useful.  An 
ordinary  net  premium  valuation  has  been  made  by  25  mortality 
tables  and  rates  of  interest  in  use  in  this  country;  and  by  the 
kindness  of  Mr.  Walford  I  have  been  enabled  to  add  one  by  the 
principal  table  of  American  experience,  which  may  serve  as  a 
connecting  link  between  valuations  as  practised  here,  and  those 
in  vogue  across  the  Atlantic.  The  figures  represent  the  net  liability 
at  the  end  of  any  quinquennium  from  1  to  10,  of  a  company  which 
either  divides  no  profits  or  pays  away  in  cash  any  surplus  realized, 
and  which  issues  at  the  beginning  of  every  year  127,471  policies 
of  1  each,  distributed  among  entrants  of  different  ages  in  the  same 
proportions  as  the  entrants  bear  to  each  other  at  the  several  ages 
in  the  20  companies.  The  table  is  a  very  similar  one  to  that 
given  by  Mr.  Manly,  vol.  14,  p.  293,  but  there  are  two  principal 
differences.  In  the  first  place  his  model  office,  though  excellently 
devised,  was  prepared  without  the  means  being  at  hand  to  test 
whether  it  was  properly  constructed,  while  mine  is  built  of  blocks 
cut  from  the  20  offices'  experience.    Secondly,  Mr.  Manly  assumes 
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new  business  to  be  transacted  only  at  the  beginning  of  each 
quinquennium;  but  I  have  introduced  a  refinement,  and  made  the 
influx  of  policies  to  take  place*  at  the  commencement  of  every 
year.  The  calculations  have  thereby  been  multiplied,  but  I  trust 
it  will  be  considered  that  the  extra  labour  has  not  been  thrown 
away.  In  presenting  the  table,  it  is  intended  to  shew  at  a  glance 
the  ratio  of  departure  of  any  method  of  valuation  from  a  defined 
standard,  but  it  is  not  meant  to  be  asserted  that  that  standard 
should  be  universally  adopted  in  practice.  The  "  Analyzed-Mor- 
tality  table "  is,  from  its  very  nature,  the  most  likely  to  represent 
accurately  at  all  ages  the  experience  of  companies ;  but  as  it  can 
never  be  practically  used  in  valuations,  I  have  chosen,  in  deference  to 
what  I  should  conceive  to  be  the  wish  of  the  profession,  to  institute 
comparisons  with  the  combined  HM  and  HM5  tables  at  three  rates 
of  interest.  The  combination  is  for  the  first  five  years  of  insurance 
the  same  as  the  HM  alone,  but  for  policies  of  longer  standing  it 
involves  the  HM  pure  premium  as  at  date  of  assuring,  and  the 
HM5  annuities  and  reversions  as  at  date  of  valuing.  Mr.  Valentine, 
when  he  re-edited  Mr.  Manly's  figures,  vol.  18,  p.  233,  took  the 
same  standard  as  I  have  done,  but  even  for  the  new  business  he 
combined  the  tables,  a  course  which  would  never  be  followed  in 
practice. 

It  is  strikingly  brought  home  to  us,  and  not  for  the  first  time, 
that  if  we  make  a  little  additional  allowance  for  policies  of  less 
than  five  years'  duration,  we  cannot  have  a  better  valuation  basis 
than  the  combination  of  the  two  great  Institute  tables.  The 
reserves  it  gives  are  throughout  almost  identical  with  those  here 
shown  to  be  necessary,  after  an  elaborate  investigation  into  the 
effects  of  "selection"  both  for  and  against  the  companies.  It 
supplies,  it  is  true,  an  empirical  method  of  valuation  and  not  a 
scientific  one,  but  I  think  that,  notwithstanding,  we  may  con- 
gratulate ourselves  that  by  so  easy  a  process  we  can  arrive  so  nearly 
at  perfection.  It  is  however  demonstrated  that  the  reserves  it 
brings  out  are  none  too  high,  and  an  answer  is  given  to  those  who 
decry  its  use  on  account  of  the  alleged  surplus  accumulations 
which  it  preserves.  We  must  admit  that  it  is  unjust  to  present 
policyholders  to  keep  back  at  their  expense  unneeded  funds  for 
the  benefit  of  successors  in  whom  they  have  no  concern;  but 
before  we  can  say  how  much  is  surplus,  we  must  ascertain  clearly 
what  reserves  are  necessary.  If  a  valuation  be  made  by  a  "true 
table  of  mortality"  we  have  the  result  that  the  sum  of  the  policy 
values,  or,  in  other  words,  the  reserve  at  the  beginning  of  the  year, 
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together  with  what  may  be  not  inappropriately  termed  the  valuation- 
premiums  then  paid,  accumulated  at  the  rate  of  interest  assumed, 
exactly  amounts  to  the  sum  of  the  policy  values  at  the  end  of  the 
year,  together  with  the  claims  which  then  fall  to  be  settled.  To 
produce  this  result  it  does  not  matter  what  premiums  we  bring 
into  account  as  the  valuation-premiums.  They  may  be  those 
usually  termed  the  net  premiums,  or  they  may  be  larger  or 
smaller.  "Whatever  they  are,  if  we  value  them  at  the  rate  of 
interest  actually  realized,  by  annuities  based  on  the  mortality 
actually  prevailing,  the  above  equation  will  hold.  Now  it  will  be 
found  by  trial  that  if  we  take  a  hypothetical  company  in  which  we 
assume  the  mortality  to  be  that  of  the  20  offices,  as  displayed  in  the 
"Analyzed-Mortality  tables",  and  value  it  by  the  annuities  derived 
from  the  same  tables,  or  by  any  other  annuities  giving,  at  the  same 
rate  of  interest,  equal  reserves,  we  shall  have  neither  surplus  nor 
deficiency ;  whereas,  if  we  use  annuities  which  give  on  the  average 
smaller  policy  values,  we  shall  find  that  at  the  end  of  the  year  the 
funds  are  too  small,  and  a  sum  must  be  provided  from  another 
source  than  the  premiums  valued  and  the  interest  assumed  in  order 
to  make  up  the  requisite  amount.  We,  in  fact,  discover  that  the 
margin  put  aside  for  expenses  and  profits,  or  the  interest  realized 
in  excess  of  that  assumed  in  the  valuations,  must  be  partly  drawn 
upon  for  the  purpose  of  paying  claims,  and  that  the  condition  of 
the  company  is  to  that  extent  not  so  good  as  it  was  made  to  appear. 
Such  is  the  state  of  all  companies  that  employ  a  mortality  table  not 
sufficiently  stringent.  They  may  be  unquestionably  solvent ;  nay 
even,  they  may  be  among  the  most  prosperous  institutions  in  the 
country ;  but  yet  a  certain  amount  of  falsification  has  taken  place  in 
their  returns,  and  their  affairs  have  not  been  displayed  altogether  in  a 
true  light.  It  is,  for  instance,  not  at  all  uncommon  to  find  in  the  reports 
of  leading  companies  statements  to  the  effect  that  they  have  made  a 
net  premium  valuation  by  the  Carlisle  table  at  3  per-cent  interest; 
that  all  the  loading  has  been  reserved;  and  that  the  interest  which 
the  funds  are  sure  to  yield  over  and  above  3  per-cent  will  also  be 
an  unfailing  source  of  great  profit.  Much  of  this  gloss  is  delusive. 
The  figures  here  adduced  prove  that  on  the  funds  resulting  from  a 
Carlisle  3  per-cent  valuation  very  nearly  4  per-cent  interest  must  be 
realized  in  order  to  relieve  the  reserved  loading  from  being  taxed  for 
claims;  and  it  is  not  strictly  right,  even  if  the  fault  be  committed 
in  ignorance,  to  take  credit,  in  glowing  language,  for  the  extra 
1  per-cent  as  a  source  of  bonus,  and  at  the  same  time  boast  of  the 
full  percentage  of  the  premiums  laid  aside.    The  Carlisle  table,  as 
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well  as  some  others  resembling  it,  gives  at  3  per-cent  interest  a 
sufficient,  but  barely  more  than  sufficient,  reserve  to  companies 
making  4  per-cent  on  their  investments;  and  it  is  only  interest 
realized  over  and  above  4  per-cent  which  will  fall  into  the  divisible 
surplus. 

It  is  not  pretended  that  the  conditions  of  Table  V  will  ever 
be  exactly  realized  in  practice.  Certain  assumptions — perhaps 
violent  ones — -have  been  made  in  the  construction  of  the  model 
office,  and  it  may  with  great  plausibility  be  questioned  whether  a 
real  company  is  likely  to  come  so  near  to  it  in  character,  as  to  find 
in  its  valuations  a  useful  guide.  The  entrants  are  grouped  as 
they  were  in  the  20  companies,  but  each  insurance  institution  has 
its  own  quality  of  business,  and  possibly  does  not  secure  its 
customers  at  precisely  the  same  age  as  do  its  rivals.  I  do  not 
however  think  that  the  average  age  at  entry  varies  to  any  con- 
siderable extent  in  the  different  offices.  It  is  35*3  in  the  20 
companies,  and  companies  probably  will  not  find  their  experience 
in  this  respect  so  different  as  to  weaken  a  comparison  of  their 
valuations  with  those  in  Table  V.  Variations  in  the  rate  of  dis- 
continuance are  a  more  serious  difficulty,  but  I  am  in  hopes  that 
they  also  will  be  found  not  to  interfere  to  any  very  damaging  extent 
with  the  usefulness  of  the  table.  I  believe  that  the  departure  from 
the  rate  made  use  of  in  preparing  the  model  office  must  be  very 
great  indeed,  much  greater  than  is  likely  to  arise  in  practice,  in 
order  to  prove  a  fatal  barrier  to  its  employment.  The  flow  of 
business  into  the  model  office  is  uniform  throughout  its  history ; 
but  with  no  existing  company  has  this  been  the  case.  Some 
began  with  small  things  and  have  increased  steadily  year  by  year; 
some  had  a  vigorous  childhood  and  youth,  but  have  reached  a 
premature  old  age;  yet  another  class,  and  perhaps  the  largest, 
have  had  many  vicissitudes,  at  one  period  successfully  extending 
their  connections,  and  again  barely  holding  their  ground.  For- 
tunately, it  is  easy  to  make  a  sufficient  correction  for  this  dis- 
turbing cause,  and  Table  W  has  been  introduced  for  the  purpose. 
It  shows  the  liability  under  policies  existing  in  the  model  office  in 
each  quinquennium  of  insurance,  and  enables  us  by  a  few  simple 
multiplications  to  make  all  the  needful  adjustment  for  fluctuations 
in  the  amounts  of  new  business,  how  great  soever  they  may  have 
been.  A  numerical  example  will  best  illustrate  its  use.  The 
figures  are,  of  course,  purely  imaginary.  It  is  called  Example  1 
for  the  sake  of  reference,  as  others  are  given  later  on. 
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Example  1.  A  company  aged  40  years  has  transacted  the 
following  average  annual  amounts  of  new  business  in  each  quin- 
quennium of  its  existence. 


Quinquennium  1  £250,000 

2  370,000 

3  250,000 

4  400,000 


Quinquennium  5  £650,000 

6  350,000 

7  450,000 

8  800,000 


Its  liabilities  under  a  Carlisle  3|  valuation  are  £1,970,000.  What 
would  they  be  under  a  combined  HM  and  HM5  valuation  at 
4  per-cent  ? 

The  new  business  in  the  8th  quinquenniun  of  the  company  is 
in  the  1st  of  insurance;  that  in  the  7th  quinquennium  of  the 
company  is  in  the  2nd  of  insurance;  and  so  on.  Therefore  to 
obtain  the  liability  of  the  model  office  under  the  altered  conditions 
of  the  flow  of  policies,  we  must  reverse  the  numbering  of  the 
quinquenniums  against  the  company's  new  business,  and  write 
it  thus : 


£800,000 
450,000 
350,000 
650,000 


£400,000 
250,000 
370,000 
250,000 


And  then  we  must  multiply  by  the  corresponding  lines  in 
Table  W,  under  the  headings  Carlisle  3^  per-cent  and  HM  and 
jjM5  ^  per_Cent  respectively.  We  thus  get  the  following  relative 
liabilities,  dropping  four  ciphers  from  each  product : — 


Carlisle  3£  per-cent. 


1647520 
2086110 
2296455 
5127070 
3438640 
2144150 
2905055 
1643750 

21288750 


HM  and  HM5  4  per-cent. 


1677440 
2338425 
2469565 
5410340 
3578280 
2207850 
2975540 
1682075 

22339515 


By  simple  proportion  we  can  now  estimate  the  reserve  of  the 
real  company,  under  an  HM  and  HM5  4  per-cent  valuation,  taking 
the  two  above  given  sums  and  the  actual  Carlisle  3^  per-cent 
reserve  as  the  three  known  members  : — 

21,288,750  :  22,339,515  : :  1,970,000  :  HM  and  HM5  4  per-cent. 

Solving,  we  find  that  the  IP1  and  HM5  4  per-cent  reserve  is 
£2,067,235,  or  4*94  per-cent  in  excess  of  the  Carlisle  3£  per-cent. 
If  it  were  not  desired  to  make  any  correction  for  the  irregular 


1877.] 


and  the  requisite  Reserves  of  Life  Offices. 


255 


influx  of  business,  we  should  obtain  the  members  of  the  proportion 
at  once  from  the  column  headed  "  40  years  **  in  Table  V. 

527,440  :  552,202  : :  1,970,000  :  HM  and  HM5  4  per-cent. 

from  which  we  get  the  HM  and  HM5  4  per-cent  reserve 
£2,062,486,  or  4*69  in  excess  of  the  Carlisle  3^  per-cent.  It 
therefore  appears  that  the  adjustment  effected  by  means  of  Table  W 
is,  after  all,  not  of  very  great  importance,  though  it  should  always 
be  resorted  to  whenever  practicable.  It  may  be  remarked  that 
extreme  figures  have  intentionally  been  selected  for  the  example. 
It  is  not  necessary  for  us  to  know  the  new  sums  assured  in  each 
quinquennium  of  the  company  under  investigation.  Any  other 
figures  giving  the  relative  amounts  of  new  business  would  do 
equally  well. 

Convinced,  as  I  am,  that  a  well-planned  model  office  will  prove, 
in  judicious  hands,  a  powerful  engine  in  solving  many  problems, 
both  theoretical  and  practical,  I  have  given  some  thought  to  devise 
methods  by  which  its  use  may  be  facilitated  and  extended.  It  is 
needless  to  say  more  regarding  its  application  to  ordinary  net-pre- 
mium valuations.  Table  V,  which  speaks  for  itself,  and  the  above 
example  explaining  Table  W,  are  sufficient.  But  there  are  other 
methods  of  valuation — good,  bad,  and  indifferent — besides  that 
usually  called  "net  premium and  I  cannot  conclude  this  paper 
better  than  by  demonstrating  formulas  by  means  of  which,  from 
the  net-premium  valuations  in  Table  V,  others  may  be  arrived  at 
easily  and  conveniently. 

Let  us  take  first  the  valuations  of  the  model  office  by  the 
Analyzed  Mortality  tables,  given  in  the  first  three  lines  of  Table  V. 
The  tables  of  policy  values  used  were  prepared  from  the  unadjusted 
annuities  of  Table  N ;  and  the  liability,  therefore,  is  not  the  same 
as  would  have  been  shown  had  the  corrected  annuities  of  Table  O 
been  employed,  though  the  difference  is  so  slight  as  to  be  hardly 
worthy  of  mention.  But  other  actuaries  may  hold  divergent  views 
from  mine  on  the  treatment  of  year  0,  and  may  perhaps  be  dis- 
posed to  apply  their  own  theories  to  my  tables,  and  bring  out 
another  value  for  the  initial  ax.  If  this  annuity  value  be  altered, 
while  the  succeeding  ones  remain  the  same,  the  liability  of  the 
model  office  will  be  changed  too ;  and  we  now  proceed  to  investi- 
gate in  what  manner  and  to  what  extent. 

We  have  the  general  formula  for  the  value  of  a  policy — 

  &x  &x+n 


256  On  the  Mortality  amongst  Assured  Lives,  [July 


Let  ax+n  remain  unaltered  for  all  values  of  n,  and  let  ax  become 
ax  +  $,  where  S  may  be  either  positive  or  negative;  and  let  wV'a. 
be  the  new  policy  value.    Then  we  have 

"T77    aX        Qj  +  »"t"  8 

1  +  ax  +  o 


ax  Q>x+ri 


+ 


l  +  ax  +  8     l  +  ax  +  8' 
Let,  now,  8=z(l+ax)y 

Then  nY'=  «*-**+*  .  _J_  +  7 


1  +        1  +  7     1  +  7 

="Vx(1_r+^)  +  r+^ 

=  nV*{l-0)  +  6  (1) 

when  we  write  0  for  .,  . 

1+7 

This  expression  does  not  depend  upon  the  value  of  n,  but  holds 
for  every  policy  value  for  age  at  entry  x.  The  quantity  7  may  be 
positive  or  negative,  but  it  will  always  be  a  small  fraction,  and  its 
function,  6,  will  also  be  fractional,  and  positive  or  negative  accord- 
ing to  the  sign  of  7.  When  the  initial  annuity  value  is  increased, 
7  is  positive,  and  the  policy  values  are  decreased  by  a  constant 
percentage  and  increased  by  the  same  percentage  of  unity.  When 
the  initial  annuity  value  is  diminished,  7  is  negative,  and  the  policy 
values  are  increased  by  a  constant  percentage,  and  decreased  by 
the  same  percentage  of  unity.  If  there  be  any  number,  R,  of 
policies  of  any,  or  all  durations,  effected  at  age  x,  and  if  2V#  be 
the  sum  of  their  values  based  on  the  original  initial  annuity,  and 
2V*  the  sum  of  their  values  based  on  the  new  initial  annuity, 
then 

SV'*=2V*x(l-0)+R0   ....  (2) 

In  order  to  apply  formula  (2)  it  is  necessary  to  have  a  summary 
of  the  model  office  shewing  the  number  of  policies,  R,  in  force  for 
each  age  at  entry,  and  this  is  supplied  in  Table  X.  We  should 
also  have,  if  we  wished  to  attain  to  mathematical  exactness,  a 
corresponding  statement  of  their  values,  2V x,  but  there  would  be 
involved  the  printing  of  four  pages  of  figures  which  possess  in 
themselves  no  interest.  We  can  make  a  sufficiently  close  approx- 
imation by  finding  an  average  value  of  0  for  all  ages  at  entry,  in 
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a  way  to  be  explained  later  on,  and  then  using  it  with  the  sum 
of  the  values  of  all  the  policies  existing  in  the  model  office,  which 
is  given  in  Table  V.  Were  the  question  one  of  sufficient  conse- 
quence, a  numerical  example  might  here  be  inserted  of  the  working 
of  the  formula ;  but  as  it  is  almost  identical  with  that  of  more 
important  formulas  to  be  illustrated  shortly,  it  is  needless  to  cumber 
ourselves  with  calculations  here.  The  use  of  the  formula  has, 
however,  been  practically  tested,  and  it  is  satisfactory  to  know  that 
the  valuations  of  the  model  office  are  not  seriously  influenced  by 
any  such  moderate  difference  in  the  initial  annuity  values  as  would 
be  produced  by  adopting  another  mode  of  dealing  with  year  0. 
The  liability  of  the  model  office  at  3  per-cent  interest  after  50 
years  is,  according  to  table  V,  689,931.  Had  the  initial  annuity 
values  given  by  Mr.  Sprague  in  his  late  paper  been  substituted  in 
the  valuation  for  those  of  Table  N,  the  liability  would  have  been 
687,268,  or  only  39  per-cent  less. 

Formulas  (1)  and  (2)  are  suited  to  the  case  where  the  initial 
annuity  is  changed  in  the  expression  for  a  policy  value;  but  this 
seldom  if  ever  takes  place  in  practice.  To  change  the  premium 
valued, — a  very  common  occurrence, — is  really  the  same  thing, 
and  therefore  a  fresh  investigation  is  not  absolutely  essential.  By 
means  of  Orchard's  tables  the  altered  annuity  might  be  found 
from  the  altered  premium,  and  the  above  formulas  might  then  be 
applied.  It  will,  however,  be  convenient  to  deduce  new  expressions 
more  directly  bearing  on  the  circumstances  of  the  case. 

Let  be  the  ordinary  net  premium,  and  nYx  the  ordinary  net 
policy  value:  P'a?  the  altered  premium,  and  flV'x  the  corresponding 
altered  policy  value:  and  let  P/a.=  Pa;  +  8. 

Then  nYm  =  (P*+n-P*)(l  +  «*+») 

nY  x=  (-Ptf+w     P  x)  (1  ~f"  ax+rt) 

=(P*+»-P*-S)(i 

But  from  the  ordinary  equation  for  the  value  of  a  policy  we  have 

Therefore        nVx=nVx- (1  -.V.)  (1  +  ax)h; 

and  if  we  put  (l  +  ax)B=K, 

then  »V^=»V;8-(l-BVjr)* 

=»V,(l+*)-«  (3) 
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and  tY'x  =  $Vx(l+/c)-T&K     ....  (4) 

where  R  is  any  number  of  policies,  and  SVX  the  sum  of  their 
values. 

The  quantity  k  is  positive  or  negative  according  to  the  sign  of 
8,  but  it  is  always  fractional.  We  therefore  see  that  when  the 
premium  valued  is  increased,  the  policy  values  are  increased  by  a 
constant  percentage,  and  diminished  by  the  same  percentage  of 
unity ;  and  when  the  premium  valued  is  decreased,  the  policy  values 
are  diminished  by  a  constant  percentage,  and  increased  by  the  same 
percentage  of  unity. 

Formula  (3)  furnishes  us  with  a  method  of  preparing  tables  of 
policy  values  continuously,  and  it  lends  itself  in  an  admirable  man- 
ner for  use  with  the  arithmometer.  If  the  values  of  policies  of  all 
durations  be  in  the  first  place  calculated  for  age  at  entry  <r,  we  can 
derive  from  them  those  for  age  at  entry  #  +  1.  Our  k  in  this  case 
is  (Pa:+i  —  Pff)(l  +  fl*),  and 

1^  +  1  =  2^(1  +  k)—  k 

2^+1  =  3^(1+*)--  K 

-iYx+1  +  A.2Yx(1+k). 

We  must  place  k>  taken  negatively,  on  the  slide  of  the  machine, 
and  (l+fc)  on  its  face.  Multiplying  (1+fc)  by  2YX,  the  product 
is  at  the  same  time  added  to  —  k}  and  forms  iVr+1,  and  then 
continuing  the  multiplication  of  +  by  the  differences  of  the 
column  Yx,  commencing  with  the  difference  of  2YX,  we  have  on 
the  slide  of  the  machine  successively  the  values  of  2Y<c+i,  iFx+i, 
&c.  The  same  process  may  then  be  repeated  for  Yx+2,  taking,  of 
course,  for  k,  (P^+2— Pa?)  (1 

This  method  of  forming  tables  of  policy  values  is  not,  perhaps, 
more  rapid  than  that  described  by  Mr.  Peter  Gray,  in  the  Journal 
(vol.  17,  p.  255),  though  the  differences  of  Y  x  are  less  than  those 
of  ax;  but  formula  (4)  may  be  of  great  service  in  checking  tables 
which  have  been  otherwise  calculated.  If  we  have  R  policies,  all 
taken  out  by  persons  at  age  x,  but  which  have  been  in  force  for 
various  periods,  we  have  the  formula 

2»-iVli+i=XV.(l+ic)-B«    ...  (5) 

where  n  is  an  indefinite  quantity,  and  not  necessarily  constant  for 
the  various  policies  included  under  the  symbol  of  summation. 
To  take  an  example  from  Mr.  Hardy's  Valuation  Tables,  p.  73 — 
the  sum  of  the  column  V40  on  that  page  is  17*52789,  and  it 
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consists  of  44  values  of  V40,  from  !V40  to  44V40.  ^°  ^n(^  tne  sum 
of  44  values  of  V41,  from  0V4i  to  43V41,  we  have  the  equation 

S0  to  43V4i  =  2l  to  44V40(1  +       —  44/C, 

where  ^=(P41-P4o)(l  +  «4o)  =  -014505. 

Performing  the  calculation,  we  have  Soto 43^41  =  17  14391.  The 
result  of  actual  addition  of  the  column  in  Mr.  Hardy's  book  is 
17- 14393. 

The  difference  in  the  premium  valued  may  be  any  quantity  we 
please.  If,  therefore,  we  take  it  negative  and  equal  to  the  premium, 
we  have  the  case  where  no  premium  at  all  is  valued;  that  is,  from 
the  sum  of  any  number  of  policy  values  of  any  periods  of  duration 
for  a  given  age  at  entry,  we  can  find  the  sum  of  the  values  of  the 
corresponding  reversions;  or,  in  other  words,  we  can  divide  the 
sum  of  the  policy  values  into  its  component  parts, — the  sum  of  the 
values  of  the  reversions,  and  the  sum  of  the  values  of  the  pre- 
miums.   Symbolically,  the  fact  may  be  stated, 

tAx+n=%nYx(l  +  /c)--R/c  ....  (6) 

where  k—  — -  Pa?(l  +  ax)  =  —  &x,  and  n,  as  before,  is  indefinite. 
Employing  again  the  previous  example,  for  age  at  entry  40, 
k=-A40=-  '379434.  Si  to  44V40= 17*52789,  and  the  calculated 
value  of  %Ax+n} — that  is,  the  sum  of  Ax  from  A41  to  A84 — is 
27*57231.  The  sum  taken  from  Mr.  Hardy's  book,  pp.  66  and 
67,  is  27-57234. 

I  proceed  now,  in  a  few  examples,  to  apply  these  formulas  to 
the  model  office. 

Example  2.  A  company  aged  40  years  uses  the  Carlisle 
3  per-cent  table,  but  brings  out  its  liability  by  the  formula 
nV'x=Ax+n—¥x+i  (l+ax+n).  What  would  be  its  reserve  under 
an  ordinary  net-premium  valuation  ? 

Our  first  operation,  in  every  case,  is  to  find  what  would  be  the 
reserve  of  the  model  office  under  the  circumstances  of  the  real 
company ;  and  the  second,  to  pass  by  simple  proportion  to  the 
reserve  sought  for  of  the  latter.  The  second  step  having  been 
illustrated  already  in  Example  1,  may  in  future  be  omitted. 

Formula  (4)  is  adapted  to  the  case  in  hand,  and  kx= 
(P* +i  — Pa?)  (1  +  0*).  The  number  of  policies,  R,  for  each  age  at 
entry  we  get  from  Table  X  against  quinquennium  8,  and  we  may 
conveniently  write  it  Lx.  The  following  is  a  type  of  the  calcula- 
tion : 
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Age  at 
Entry. 

—  i^x 

OA 

zu 

•000372 

22*by4 

.A AO  A  A  O 

'00844J 

1240,o7 

or 
ZD 

'000480 

21  boo 

,ai AOAA 

•oiodyy 

/I  hA*7.  OA 

4/07  oO 

on 
oO 

•000497 

OA. 

ZO  55b 

•  AT  AO  1  a 

OlOZlb 

obbO'Ob 

OK 
OO 

000671 

*AT  OA/I  A 

CI  AO.OO 

blyo  22a 

40 

•000780 

18143 

•014152 

4710-48 

uuuyyo 

ID  QUO 

UID/  /  t7 

50 

•001621 

15-303 

•024S06 

2987*66 

55 

•002261 

13-408 

•030315 

178568 

60 

•002419 

11-491 

•027797 

753-47 

65 

•003568 

9917 

•035384 

363-46 

2fCxLx  = 

31838-98 

As  already  stated,  in  order  to  secure  perfect  exactness  the 
formula  should  be  applied  to  each  age  at  entry  separately;  but  as 
the  necessary  tables  are  not  printed,  we  must  content  ourselves  with 

the  average  value  of  k.    This  is  evidently  ,  as  each  k,  has 

thus  given  to  it  its  due  influence  which  is  measured  by  the  product 
KxLx-  The  value  of  Xhx  is  found  in  the  summary  at  the  foot  of 
Table  X,  and  in  this  case  is  2383021.  In  this  way  we  get  the 
average  #  =  '013361.    Inserting  it  in  formula  (4)  we  have 

2V'=2V  x  1  013361 -2383021  x  -013361 
=  561755-31839 
=  529916 

=the  reserve  of  the  model  office  under  the  conditions 
of  the  real  company. 

I  would  here  remark  that  2V  is  always  taken  from  Table  V, 
and  that  it  is  not  necessary  to  calculate  again  Rk,  that  having 
already  been  done  in  finding  the  average  value  of  k.  With 
reference  to  this  average  value,  it  is  always  found  in  precisely  the 
same  way,  as  also  the  average  value  of  0  spoken  of  when  discussing 
formula  (2),  and  it  need  not  therefore  be  particularly  spoken  of 
again. 

Example  3.  A  company  aged  35  years  values  Carlisle  3  per-cent 
premiums  by  Carlisle  3£  per-cent  annuities.  How  far  does  its 
reserve  fall  short  of  that  under  a  true  Carlisle  3£  per-cent  net- 
premium  valuation  ? 

In  this  case  k  is  formed  by  multiplying  the  difference  between 
the  Carlisle  3  per-cent  and  3£  per-cent  premiums  into  the  3i  per- 
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cent  annuity-due,  and  the  average  value,  which  is  '019711,  is 
found  as  before.  Applying  the  formula,  the  reserve  of  the  model 
office  by  the  method  of  valuation  under  investigation  is  found  to 
be  426,155,  while  that  brought  out  by  a  Carlisle  3^  per-cent  net- 
premium  valuation  is,  according  to  Table  V,  461,690.  The  com- 
pany is  thus  shown  to  make  but  small  reserves — about  the  same 
as  if  it  had  valued  by  the  Carlisle  table  at      per-cent  interest. 

This  example  meets  the  circumstances  of  a  company  valuing 
the  premiums  derived  from  one  mortality  table  by  the  annuities  of 
another — for  instance,  the  Davies'  Equitable  net  premiums  by  the 
HM  annuities.  We  should  find  k  by  taking  the  differences  between 
the  two  sets  of  premiums, — which  might  at  some  ages  at  entry  be 
positive  and  at  others  negative, — and  multiplying  them  into  the 
annuities-due  of  the  table  the  annuities  of  which  are  used  in  the 
valuation. 

Example  4.  The  office  premiums  of  a  company  of  50  years' 
standing  consist  of  the  Carlisle  4  per-cent  net  premiums,  with  a 
loading  of  25  per-cent.  If  it  were  valuing  by  the  HM  table  at 
4  per-cent,  what  percentage  must  be  thrown  off  the  value  of  the 
gross  premiums  in  order  to  make  a  net-premium  valuation  ? 

Two  processes  are  necessary  here.  We  must  first  find  the 
liability  of  the  company  under  an  HM  4  per-cent  gross-premium 
valuation.  This  is  done  by  means  of  formula  (4),  forming  k  by 
multiplying  the  differences  between  the  office  premiums  and  the 
HM  4  per-cent  net  premiums  into  the  HM  4  per-cent  annuities- due. 
The  liability  is  448,292.  We  must  next  find  the  value  of  the  sums 
assured  by  the  application  of  formula  (6),  k  for  each  age  at  entry 
being  —  Ax,  and  its  average  value  being  obtained  as  before.  The 
value  of  the  sums  assured  is  1,265,682.  Deducting  the  reserve 
by  a  gross  premium  valuation  given  above,  we  have  the  value  of 
the  gross  premiums,  817,390.  Deducting  from  the  value  of  the 
sums  assured  the  reserve  by  a  net-premium  valuation,  625,308, 
given  in  Table  V,  we  have  the  value  of  the  net  premiums  640,374; 
and  it  appears  that  to  obtain  the  value  of  the  net  premiums  we 
must  throw  off  21*66  per-cent  from  the  value  of  the  gross  premiums. 
It  is  worthy  of  remark  that  21*66  per-cent  is  not  the  average 
loading  to  be  thrown  off  the  gross  premiums  in  order  to  get  the 
HM  net  premiums.  We  can  find  the  average  loading  by  multiplying 
the  gross  and  net  premiums  respectively  for  each  age  at  entry  by 
the  number  of  policies  existing  for  that  age.  It  will  be  found  in 
this  instance  to  be  21*23  per-cent  of  the  gross  premiums.  The 
results  are  not  the  same  of  throwing  off  the  average  loading  before 
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valuing  the  premiums,  or  the  average  value  of  the  loading  when  the 
valuation  has  been  completed.  Other  examples  might  easily  be 
selected,  in  which  the  difference  would  be  much  greater  than  in  the 
present  one. 

Example  5.  A  company  makes  a  gross  premium  valuation,  and 
throws  off  from  the  value  of  the  gross  premiums  w  per-cent,  the 
percentage  not  being  the  same  as  that  of  the  loading  to  the  gross 
premiums.  What  is  its  reserve,  as  compared  with  a  net  premium 
reserve  ? 

The  question  might  be  answered  in  two  ways.  We  might 
throw  w  per-cent  off  the  gross  premiums,  and  then,  using  the 
remaining  premiums,  by  means  of  formula  (4)  compare  the 
reserves,  much  as  we  did  in  Example  3.  This  method  is  the 
shorter,  and  is  correct  where  the  loading  is  a  constant  percentage 
of  the  net-premiums  by  the  table  under  which  the  valuation  is 
conducted ;  but  the  remark  appended  to  Example  4  shews  that  in 
other  cases  it  might  lead  to  fallacious  results.  It  is  better  to 
proceed  as  in  Example  4,  by  making  a  gross  premium  valuation ; 
and  finding  the  value  of  the  sums  assured,  and  thence  ascertaining 
the  value  of  the  gross  premiums  from  which  to  throw  off  the  per- 
centage w. 

We  have  already  seen  that  the  model  office  is  the  type  of  a 
company  which  either  divides  no  profits,  or  pays  away  in  cash  any 
surplus  realized.  It  would  not  be  advantageous  to  introduce  other 
conditions.  The  circumstances  of  existing  companies  are  in  no 
other  respect  so  diverse  as  in  the  amounts  of  profits  they  divide, 
and  the  methods  of  distribution  they  adopt.  It  would  therefore 
be  quite  impracticable  to  devise  a  model,  even  approximately  to 
represent  them  all.  But  in  employing  Table  V,  this  fact  must  be 
borne  in  mind,  and  before  any  comparison  is  instituted  between 
the  reserves  of  the  actual  company  and  those  of  the  model,  all 
reversionary  bonuses  and  reductions  in  premium  must  be  thrown 
off,  to  be  valued  separately  by  the  new  table  the  probable 
financial  effects  of  which  are  under  consideration.  The  re -valua- 
tion of  the  bonuses  is  not  a  very  serious  matter.  They  are 
already  classed  according  to  the  present  age  of  the  lives,  and  there 
are  necessary  only  some  sixty  or  seventy  short  multiplications  into 
the  respective  values  of  Ax  by  the  new  table.  In  all  companies 
the  bonuses  are  no  doubt  kept  apart  in  the  classification  of  policies 
from  the  sums  originally  assured ;  but  even  were  this  not  the  case 
a  simple  device  will  enable  us  to  resort  to  the  model  office.  The 
liability  of  the  model  office  can  be  divided  by  means  of  formula  (6) 
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into  its  component  parts, — the  value  of  the  sums  assured  and  the 
value  of  the  premiums;  and  the  value  of  the  premiums  can  be  then 
substituted  for  the  net  liability  in  Example  1.  Thus,  for  instance, 
if  a  company  which  had  made  large  reversionary  additions  to  its 
policies,  and  so  blended  them  with  the  sums  assured  as  to  have  ren- 
dered them  undistinguishable,  were  desirous  of  knowing  the  effects 
of  changing  from  the  Carlisle  to  the  HM  table,  the  value  of  the  net 
premiums  of  the  model  office  should  be  calculated  by  means  of 
formula  (6)  for  each  table,  and  used  with  the  value  of  the  net 
premiums  of  the  real  company  by  the  Carlisle  table  to  find  the 
value  of  the  latter  by  the  HM.  The  value  of  the  sums  assured  and 
bonuses  of  the  real  company  by  the  HM  table  should  then  be 
ascertained  by  actual  valuation,  and  from  it  should  be  deducted 
the  estimated  value  of  the  net  premiums  already  found  as  above. 

We  have  seen  that  for  want  of  another  auxiliary  table  we 
cannot  attain  to  perfect  accuracy  in  transforming  the  valuations 
of  the  model  office  by  means  of  the  formulas,  but  that  we  must 
content  ourselves  with  an  approximation.  It  becomes  of  importance 
to  know  how  far  the  approximation  may  be  relied  on.  Having 
the  necessary  table  in  manuscript,  examples  2,  3,  and  4  given  by 
the  approximate  method  were  also  worked  out  exactly.    In  example 

2,  the  liability  is  brought  out  by  the  approximate  method  as 
529,916.  By  the  exact  method  it  would  have  been  530,181,  or 
only  265  greater  in  a  sum  of  more  than  half  a  million.    In  example 

3,  the  approximate  method  gives  a  liability  of  426,155,  and  the 
exact  426,143,  the  difference  being  only  12.  In  example  4  the 
approximate  method  is  put  to  a  severe  test,  the  quantity  k  whose 
average  is  found  having  the  largest  value  of  which  it  admits.  The 
value  of  the  sums  assured  by  that  method  is  found  to  be  1,265,682, 
the  true  value  being  1,262,660,  or  3,022  less.  There  is  thus  an 
error  of  '239  per-cent.  In  the  same  example  the  percentage  to  be 
thrown  off  the  gross  premiums  is  by  the  approximate  method  21*66 
per-cent,  while  by  the  exact  method  it  is  21*71  per-cent,  the  approx- 
imation thus  showing  an  error  of  *230  per-cent.  The  tables  are 
in  manuscript,  by  which  exact  results  can  be  obtained,  and  I  shall 
be  always  happy  to  lend  them  to  any  gentleman  wishing  to  use 
them. 

One  other  important  method  of  valuation,  that  called  the 
"reinsurance"  or  " hypothetical "3  I  had  hoped  to  bring  under 
control  by  means  of  formulas  similar  to  those  already  discussed; 
but  the  connection  between  the  " hypothetical "  and  the  "net- 
premium"  value  of  a  policy  has  not  proved  suitable.    In  investi- 
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gating  this  subject  however,  some  rather  curious  results  were 
arrived  at,  which  may  be  acceptable  to  the  Institute. 

Mr.  Sprague,  in  vol.  11  of  the  Journal,  p.  92,  showed,  by  very 
beautiful  mathematical  reasoning,  the  circumstances  of  loading  in 
which  the  net  value  of  a  policy,  nYx,  is  greater  than,  equal  to,  or 
less  than  the  hypothetical  value,  nV'x.  He  there  proved,  that 
where  <j)x  is  the  loading  on  the  net  premium, 

11S  x^  —  01*  ^riS  x 

according  as  ^j>-«<i^,, 

and  that  consequently  wVa.=trV/a.  when  at  all  ages  0=£(P-M). 

I  was  led  to  pursue  Mr.  Sprague's  investigation  further,  and 
to  find  a  general  expression  for  V7  in  terms  of  V,  irrespective  of 
the  age  of  the  policy;  from  which  it  appears  that  when  the  loading 
is  a  constant  quantity  for  all  ages,  or  a  constant  percentage  of  the 
net  premium,  or  a  combination  of  a  constant  quantity,  and  a 
constant  percentage,  then  the  reciprocal  of  the  hypothetical  policy 
value  is  equal  to  the  reciprocal  of  the  net  value  algebraically 
increased  by  a  constant  percentage  of  itself,  and  decreased  by 
the  same  percentage  of  unity;  that  is, 

n  v  x       n  "  x 

The  following  is  the  process  by  which  the  formula  was  arrived  at. 

Let  nVx  be  the  value  of  a  policy  by  the  net-premium  method, 
and  nY'x  its  "  hypothetical"  value.  Let  P*  be  the  net  premium, 
and  the  loading  thereon,  so  that  the  office  premium  is  P^  +  ^rj 
and  let  tj>x=mPx  +  $}  where  m  and  8  are  constant  quantities  for  all 
values  of  x. 

Then  P*  +  <f>x = P*(l  +  m)  +  8 

?x  +  d 


7\S  X  1   

V  —  i 


Pic+n  4"  d 
?x(l+m)+8  +  d 

A  x+n 


Therefore  V  -  V  -  P*  +  rf  _  ^0-+m)+S  +  d 
mereiore  „v  x — =5  — -z  —  ^ pr— —     .  • 


But  v9+9=±»2£.-d 


?x  +  d 
1-»V£ 
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Therefore  »V'.-.V.=  (1  -.V.) - -p    P»(1  +  m)  +  8  +  <*  

{^^-rf}(l+m)+8+rf 

and  „VW-      W  +  + 


{8-md) 

(7) 


(P. + d)  (1  + m)  +  (1  -  ,V.)  (8  -  Jiwf) 


i+U  »v-)(Pa!+rf)(1+jfe) 


when  we  write  c= 


l  +  c(l-wV„) 
8— md 


(8) 


(P.  +  rf)(l  +  m) 


Taking  now  the  reciprocal  of  each  side  of  equation  (8),  we  have 
the  remarkable  relation  mentioned  above, 

*      *  (i+c)_c  (9) 

n  v  x      n  v  x 

Going  back  to  formula  (7),  we  see,  as  it  were  pictorially,  the 
connection  between  the  hypothetical  and  the  net-premium  value  of 
a  policy.    In  the  right-hand  member  of  the  equation,  the  loading 

affects  only  the  one  expression  in  the  denominator  /TI — —  ,  , 

J  \rx  +  d){\  +  m)' 

and  by  watching  the  consequences  in  this  expression  of  any  change 

in  the  method  of  loading  the  premiums,  we  can  perceive  how  ^V'^ 

is  influenced.    If  the  premiums  are  loaded  by  a  percentage  only, 

then  8  =  0,  and  the  equation  becomes 

x — 


i-(i-„v*) 


(P*+rf)(l  +  m) 

thus  showing  that,  under  these  circumstances,  wV/tT>wVa?.  If,  on 
the  other  hand,  the  amount  of  loading  is  equal  at  all  ages,  then 
m  vanishes,  and  we  have 

n~V x 


V'  — 

V    <r  — 
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and  we  see  that  wS' &  <  mS x  •  When  the  constant  addition  to  the 
premium  is  the  same  proportion  of  d  that  the  constant  percentage 
is  of  P#,  that  is  to  say,  when  8  =  md,  then  the  algebraical  term  of 
the  denominator  of  the  right-hand  member  of  the  equation 
disappears,  and  nY/x=nYx .    In  general,  according  as  8  >  =  or  <  md, 

the  factor  7^ — — yv^—r — r  is  positive,  equal  to  zero,  or  negative,  and 
(P.v  +  d)(l  +  m)     r  ^ 

nV'x<=  or  >  nVx.  Thus,  in  another  way,  and  with  the  policy 
values  actually  before  us,  the  theorem  is  proved  which  was  so 
admirably  established  by  Mr.  Sprague. 

It  may  perhaps  be  not  uninteresting  to  record  in  a  few  words  the 
course  pursued  in  preparing  the  chief  of  the  tables  which  form  so  con- 
siderable a  part  of  the  paper,  and  the  checks  applied  at  the  various 
stages  to  insure  accuracy.  The  necessary  data  were  extracted  from 
the  "  Mortality  Experience,"  entered  on  suitably  ruled  paper,  and 
read  over.  The  columns  were  then  independently  summed,  and 
the  totals  carefully  compared  with  those  in  the  printed  volume. 
The  values  of  px  were  calculated  in  two  ways;  first,  directly  from 
the  original  facts,  and  secondly,  by  preparing  qx,  and  taking  its 
arithmetical  complement.  The  ungraduated  column  lx  was  cal- 
culated by  means  of  the  arithmometer,  and  checked  by  logarithms. 
The  expectations  of  life  were  prepared  continuously  by  means  of 
the  arithmometer,  and  verified  at  intervals  by  addition  of  the 
column  lx*  For  the  annuity  tables,  tables  vpx  were  first  prepared 
on  the  arithmometer  by  a  continuous  method  supplying  in  itself 
periodic  checks,  and  these  were  used  on  the  machine  to  bring  out 
continuously  the  successive  values  of  aX)  which  were  then  checked 
at  short  intervals  by  means  of  the  logarithmic  tables  given  in  Mr. 
Gray's  "  Tables  and  Formulae."  The  multitude  of  tables  of  policy 
values  required  for  the  valuation  of  the  model  office  were  calculated 
and  checked  by  the  continuous  method  described  by  Mr.  Gray, 
vol.  17,  p.  255,  some  of  them  on  the  machine,  and  some  by 
logarithms.  The  valuations  of  the  model  office  were  effected  by 
means  of  Mr.  J.  T.  Bottomley's  convenient  four  figure  logarithms; 
the  logarithms  of  the  number  of  policies  existing  in  the  model 
office  being  written  on  perforated  cards.  The  check  adopted  was 
a  very  efficient  one.  Using  the  Carlisle  table  as  an  illustration  : 
— the  second  differences  of  the  columns  for  each  age  at  entry  at 
each  rate  of  interest  were  taken  out  and  compared.  The  second 
differences  for,  say,  age  at  entry  20,  at  3,  3i,  and  1  per-cent,  being 
placed  along  side  each  other.  Even  a  small  error  could  in  this 
way  be  detected,  and  there  was  the  further  advantage  that  the 
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tables  of  policy  values  employed  received  an  additional  check,  any 
error  in  them  which  might  have  previously  escaped  being  at  once 
made  apparent.  In  fact  one  or  two  trifling  mistakes  in  the  tables 
of  policy  values  were  by  this  means  discovered. 

The  arithmetical  work  was  far  heavier  than  anyone  would 
imagine  who  has  not  attempted  a  task  somewhat  similar.  It  is 
sufficient  to  mention  that  for  Table  V  alone,  irrespective  of  the 
preparation  of  the  preliminary  tables  of  policy  values,  about  twenty- 
five  thousand  entries  had  to  be  made  in  the  table  of  logarithms. 
It  is  with  great  pleasure  that  I  tender  thanks  to  my  friends  Messrs. 
Robert  Cross  and  James  MacGowan,  both  of  the  Alliance  Assurance 
Company,  for  the  valuable  aid  they  afforded  me  in  the  later  stages 
of  the  calculations.  Without  their  assistance  the  publication  of  the 
paper  would  have  been  considerably  delayed. 
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Table  V. — Showing  the  Reserve  of  the  Model  Office  by  Various  Tables  of  Mortalii\ 

at  Various  Rates  of  Interest,  and  a  Comparison  of  each  with  the  Reserve  by  tl\ 
Combined  HM  and  HM5  tables  at  3  per-cent,  3^  per-cent,  and  4  per-cent  Interest. 


Age  of 

Office. 

5  Years. 

10  Years. 

Table  of  Mortality 
and 

Rate  of  Interest. 

Actual 
Reserve. 

Comparative  Reserve, 
1000  being  assumed  for  the 
Reserve  by  the  combined 
HM  and  HM5  tables. 

Interest, 

—  

Actual 
Reserve. 

|     Comparative  Reserve, 
;1000  being  assumed  for  th 
Reserve  by  the  combined 
HM  and  HMs  tables. 

Interest, 

3  per- 
cent. 

H  per- 
cent. 

1  4  per- 
cent. 

3  per- 
cent. 

H  per- 
cent. 

4  per- 
cent. 

!  Analyzed-Mortality, 
Do. 
Do. 

3  per- cent 

H  „ 

4  „ 

28978 
27335 
25825 

1199 
1131 
1069 

1288 
1215 
1148 

1382 
1304 
1232 

,  87408 
82464 
77899 

1054 
994 
939 

1124 
1061 
1002 

1198 
1131 
1068 

Mr.  Berridge's  table, 

3  „ 

26743 

1107 

1188 

1275 

83959 

1012 

1080 

1151 

Combined  HM  and  H^5,  3 

Do.                  3J  „ 
Do.                  4  „ 

24166 
22503 
20968 

1000 
931 
868 

1074 
1000 
932 

1153 
1073 
1000 

82951 
77752 
72933 

1000 

937 
879 

1067 
1000 
938 

1137 
1066 
1000 

HM, 

Do. 

Do. 

3  „ 
3J  „ 

4  „ 

24166 
22503 
20968 

1000 
931 
868 

1074 
1000 

932 

1153 
1073 
1000 

78223 
73158 
68483 

943 
882 
826 

1006 
941 
881 

1073 
1003 

939 

Seventeen  offices, 
Do. 
Do. 

3  „ 
H  „ 

4  „ 

23814 
22152 
20636 

985 
917 
854 

1058 
984 
917 

1136 
1056 
984 

77315 
72267 
67633 

932 
871 
815 

994 
929 
870 

1060 
991 
927 

Davies's  Equitable, 
Do. 
Do. 

3 

34  „ 
4  „ 

21923 
20389 
18991 

907 
844 
786 

974 
906 
844 

1046 
972 
906 

70656 
65970 
61652 

852 
795 
743 

909 
848 
793 

969 
905 
845 

Carlisle, 
Do. 
Do. 

3  „ 

3J  „ 

4  „ 

22176 
20594 
19126 

918 
852 
791 

985 
915 
850 

1058 
982 
912 

71804 
66952 
62463 

866 
807 
753 

924 
861 
803 

985 
918 
856 

English  No.  2, 
Do. 

3  „ 

4  „ 

23327 
20267  1 

965 
839 

1037 
901 

1113 

967 

/  0000 

66213 

911 
798 

972 
852 

1036 
908 

English  No.  3, 
Do. 
Do. 

33!  : 

4  „ 

23478  ' 

21891 

20422 

972 
906 
845 

1043 
973 
908 

1120 
1044 
974 

76009 
71183 
66710 

916 
858 
804 

978 
916 
858 

1042 
976 
915 

Northampton, 

3  „ 

20787 

860 

924 

991 

67358 

812 

866 

924 

American, 

4  „ 

19726 

816 

877 

941 

65015 

784 

837 

892 

1 
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Table  V — (continued). 


Age  or 

Office. 

15  Years. 

20  Years. 

Table  of  Mortality 
and 

Rate  of  Interest. 

Actual 
Reserve. 

1 

Comparative  Reserve, 
1000  being  assumed  for  the 
Reserve  by  the  combined 
and  HM5  tables. 

Interest, 

Actual 
Reserve. 

Comparative  Reserve, 
1000  being  assumed  for  the 
Reserve  by  the  combined 
HM  and  HM5  tables. 

Interest, 



3  per- 
cent. 

3J  per- 
cent. 

4  per- 
'  cent. 

1 

3  per- 
cent. 

1  H  per- 
:  cent. 

4  per- 
cent. 

Analyzed- Mortality , 
Do. 
Do. 

3  per -cent 

4  „ 

165989 
156902 
148478 

1025 
969 
917 

1089 
1030 
974 

[ 

1157 

1093 
1035 



256716 
243208 
230652 

1010 

957 
908 

1  1070 
!  1014 
961 

1132 
1073 
1017 

Mr.  Berridge's  table, 

3 

162324 

1002 

1065 

1131 

253033 

996 

1055 

1116 

Combined  HM  and  IP15,  3 
Do.  3J 
Do.  4 

33 

>y 

161949 
152388 
143492 

1000 
941 
886 

1063 
1000 
942 

1129 
1062 
1000 

254062 
239925 
226728 

1000 
944 
892 

1059 
1000 
945 

1121 
1058 
1000 

HM, 

Do. 

Do. 

3 

3£ 
4 

33 
>> 
33 

153988 
144630 
135947 

951 
893 
839 

1010 

949 
892 

1073 
1008 
947 

243870 
229960 
216983 

960 
905 
854 

1016 

958 
904 

1076 
1014 
957 

Seventeen  offices, 
Do. 
Do. 

3 

H 

4 

33 
33 
33 

152568 
143246 
134626 

942 
885 
831 

1001 

940 
883 

1063 
998 
938 

2 J 2062 
228206 
215512 

953 
898 
848 

1009 
951 

898 

1068 
1007 
951 

Davies's  Equitable, 
Do. 
Do. 

3 

H 

4 

33 
33 
33 

138869 
130157 
122069 

857 
804 
754 

911 

854 
801 

968 
907 
851 

219918 
206859 
194574 

866 
814 
766 

917 
862 
811 

970 
912 
858 

Carlisle, 
Do. 
Do. 

3 

H 
4 

33 
33 
33 

141594 
132565 
124181 

874 
819 
767 

929 
870 
815 

987 
924 
865 

224965 
211443 
198827 

885 
832 
783 

938 
881 
829 

992 
933 
877 

English  No.  2, 
Do. 

3 
4 

33 
33 

148890 
131520 

919 
812 

977 

863 

1038 
917 

236073 
210120 

929 
827 

984 
876 

1041 
927 

English  No.  3, 
Do. 
Do. 

3 

3i 
4 

33 
33 
33 

149651 
140723 
132415 

924 
869 
818 

982 
923 
869 

1043 
981 
923 

237055 
223749 
211323 

933 
881  ! 
832 

988 
933 
881 

1046 
987 
932 

Northampton, 

3 

33 

132724 

820 

871 

925 

210515 

829 

877 

928 

American, 

4 

33 

130195 

804  j 

854  j 

907 

209319 

824 

872 

923 
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Table  V — (continued). 


Age  of  Office. 

25  Years. 



30  Years. 

Table  of  Mortality 
and 

Rate  of  Interest. 

Actual 
Reserve. 

Comparative  Reserve. 
]  000  being  assumed  for  the 
Reserve  by  the  combined 
HM  and  H*5  tables. 

Interest, 

Actual 
Reserve. 

Comparative  Reserve, 
1000  being  assumed  for  tin 
Reserve  bv  the  combined 
HM  and  HM5  tables. 

Interest, 

3  per- 
cent. 

H  per- 
cent. 

4  per- 
cent. 

3  per- 
cent. 

H  per- 
cent. 

4  per- 
|  cent. 

Analyzed- Mortality, 
Do. 
Do. 

3  per- cent 
3J  „ 

4  „ 

352803 
334989 
318442 

1002 
952 
905 

1058 
1004 
955 

1116 

1059 
1007 

446519 
425056 
404968 

997 
950 
905 

1050 
999 
952 

1104 
1051 
1001 

Mr.  Berridge's  table, 

3 

349291 

992 

1047 

1105 

443649 

991 

1043 

1097 

Combined  HM  and  HMS, 
Do.  • 
Do. 

3 

3|  „ 
4  „ 

351989 
333507 
316185 

1000 

948 
898 

1055 
1000 
918 

1114 
1054 
1000 

447659 
425421 
404499 

1000 
950 
904 

1052 
1000 
951 

1107 

1052 
1000 

HM 
Do. 
Do. 

3  „ 
3^  „ 

4  „ 

340282 
322035 
304936 

967 
915 
866 

1020 
966 
914 

1076 
1019 

964 

435007 
412995 
392288 

972 
923 
876 

1023 
971 
922 

1075 
1021 
970 

Seventeen  offices, 
Do. 
Do. 

3  „ 

3J  „ 

4  „ 

338161 
319987 
303185 

961 
909 
861 

1014 

959 
909 

1069 
1012 
959 

432576 
410645 
390259 

966 
917 
872 

1017 

965 
917 

1069 
1015 
965 

Davies's  Equitable, 
Do. 
Do. 

3  „ 
3A  „ 

4  „ 

307030 
289756 
273468 

872 
823 
777 

921 
869 
820 

971 
916 

865 

392837 
371822 
351964 

877 
831 
786 

923 
874 
827 

971 
919 
870 

Carlisle, 
Do. 
Do. 

3  „ 

n  „ 

4  „ 

315281 
297409 
280691 

896 
845 
797 

945 
892 
842 

997 
941 

888 

404834 
383175 
362834 

904 
856 
810 

952 
901 
853 

1001 
947 
897 

English  No.  2, 
Do. 

3  „ 

329850 
295639 

937 
840 

989 
886 

1043 
935 

122237 
380808 

913 
851 

992 
895 

1014 
911 

English  No.  3, 
Do. 
Do. 

3 

H  „ 

4  ,, 

330860 
313368 
296960 

940 
890 
844 

992 
940 
890 

1047 
991 
939 

423092 
401976 
382067 

945 
898 
854 

995 
945 
898 

1046 
994 
945 

Northampton, 

3 

2943 44 

836 

883 

931 

377327 

813 

887 

933 

American, 

4  „ 

295786 

840 

887 

935 

381994 

853 

898 

944 
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Table  Y — {continued). 


Age  of 

Office. 

35  Years. 

40  Years. 

Table  of  Mortality 

Comparative  Reserve, 

Comparative  Reserve, 

and 

1000  being  assumed  for  the 

1000  being  assumed  for  the 

Reserve  bv  tbe  combined 

Reserve  bv  the  combined 

Actual 

KPl  and  HM5  tables. 

HM  and  H^s  tables. 

Actual 

Reserve. 

Interest, 

Reserve. 

Interest, 

3  per- 

H per- 

4 per- 

3 per- 

H per- 

4 per-  | 

1  

cent. 

cent. 

cent. 



cent. 

cent. 

cent,  ; 

530674 

994 

1043 

1094 

 . — 

600575 

992 

1039 

1088  ; 

Do. 

n  „ 

506262 

Q  IS 

QQC 

573912 

y^o 

yyo 

±uoy 

Do. 

4  „ 

483327 

<U\J'J 

Q  Kfi 

you 

yy  / 

548994 

yu/ 

you 

yy<± 

ATr    Rprrirl  crp'<  fnlilp 

l  .    IJcU  luge  S  LtlUlCT, 

3 

528925 

991 

1040 

1091 

599769 

991 

1038 

1086 

Combined  HM  and  HM5, 

3  „ 

533920 

1UUU 

JLUoU 

1  1  A1 
11U1 

605433 

1  AAA 
lUUU 

1U47 

luyo 

Do 

508711 

953 

1000 

1049 

578090 

955 

1000 

1047 

Do 

4 

484919 

908 

953 

1000 

552202 

912 

955 

1000 

3  „ 

520708 

975 

1024 

1074 

59192] 

978 

1024 

1072 

Do 

si 

•195722 

928 

974 

1022 

564778 

933 

977 

1023  1 

Do. 

4  „ 

472134 

QQ  J 

OOi 

yzo 

0^7  A 

y /4 

539097 

COA 

oyU 

000 

y/b  ! 

»  c>LIlH.Lli  UllHco, 

Q 

517937 

970 

1018 

1068 

588803 

973 

1019 

1066 

Do 

31 

493042 

923 

969 

1017 

561757 

928 

972 

1017 

Do. 

4  "i 

469789 

880 

924 

969 

536421 

886 

928 

971 

1 

Davies's  Equitable, 

3  „ 

470826 

882 

925 

971 

5361 21 

886 

927 

971 

Do. 

3i  „ 

446757 

837 

878 

921 

509793 

842 

882 

923 

Do. 

4 

423980 

794 

833 

874 

484835 

801 

839 

878 

Carlisle, 

3  „ 

486379 

911 

956 

1003 

554348 

916 

959 

1004 

Do. 

3J  „ 

451690 

865 

90S 

952 

527440 

871 

912 

955 

Do. 

4 

438427 

821 

862 

904 

502028 

829 

868 

909 

Hndish  No.  2, 

3  „ 

505987 

948 

995 

1043 

575616 

951 

996 

1042 

Do. 

4  „ 

458804 

859 

902 

946 

524235 

866 

907 

949 

English  No.  3, 

3  „ 

506672 

949 

996 

1045 

576208 

952 

997 

1043  ; 

Do. 

3J  „ 

482653 

904 

949 

995 

550069 

909 

952 

996 

Do. 

4  „ 

459925 

861 

904 

948 

525283 

868 

909 

951  ] 

Northampton, 

3  „ 

453231 

849 

891 

935 

517180 

854 

895 

937 

American, 

4  Li; 

461321 

864 

907 

951 

528450 

873 

914 

957 

272  On  the  Mortality  amongst  Assured  Lives,  [July 


Table  V — (continued). 


Age  op  Office. 

45  Years. 

50  Years. 

Table  of  Mortality 
and 

Rate  of  Interest. 

Actual 
Reserve. 

Comparative  Reserve, 
1000  being  assumed  for  the 
Reserve  by  the  combined 
H>i  and  H^s  tables. 

Interest, 

Actual 
Reserve. 

Comparative  Reserve, 
1000  being  assumed  for  the 
Reserve  by  the  combined 
HM  and  HMS  tables. 

Interest, 

3  per- 
cent. 

H  per- 
cent. 

4  per- 
cent. 

3  per- 
cent. 

3£  per- 
cent. 

4  per- 
cent. 

Analyzed -Mortality, 
Do. 
Do. 

3  per- cent 

4  „ 

653849 
625755 
599461 

991 

949 
909 

1036 
992 
950 

1083 
1037 
993 

689931 
661019 
633919 

991 
949 
910 

1035 
991 
951 

1080 
1035 
993 

Mr.  Berridge's  table, 

3 

>> 

653674 

991 

1036 

1083 

690071 

991 

1035 

1081 

Combined  HM  and  HM5,  3 
Do.  3£ 
Do.  4 

a 
>» 

it 

659743 
630986 
603721 

1000 
956 
915 

1046 
1000 
957 

1093 
1045 
1000 

696313 

ODD/  'dbO 

638680 

1000 
957 
917 

1044 
1000 
958 

1090 
1044 
1000 

Do. 
Do. 

3 

34 

4 

a 
it 
tt 

646061 
590447 

979 
936 
895 

1024 
979 
936 

1070 
1023 
978 

682535 

OOoloO 

625308 

980 
938 
898 

1024 
980 
938 

1069 
1023 
979 

Seventeen  offices, 
Do. 
Do. 

3 

3i 
4 

a 
tt 
a 

fi42fi55 

614189 
587466 

974 
931 
890 

1019 
973 
931 

1065 
1017 
973 

o  /  oy-*o 
649659 
622126 

975 
933 
893 

1018 
974 
933 

1063 
1017 

974 

Davies's  Equitable, 
Do. 
Do. 

3 

H 

4 

>> 
ff 
ff 

00\)0  jlo 

558467 
532033 

889 
847 
806 

929 
885 
843 

971 
925 
881 

591851 

ODiOO/ 

891 
850 
811 

931 
888 
847 

972 
927 
884 

Carlisle, 
Do. 
Do. 

3 

H 

4 

tf 

f> 
ff 

606196 
577807 
550948 

919 
876 
835 

961 
916 

873 

1004 
957 
913 

641252 
612002 
584284 

921 
879 
839 

962 
918 
876 

1004 
958 
915 

English  No.  2, 
Do. 

3 

4 

tf 
ff 

628547 
574375 

953 
871 

996 
910 

1041 
951 

664202 
608402 

954 
874 

996 
912 

1010 
953 

English  No.  3, 
Do. 
Do. 

3 

H 

4 

ff 
tf 
ft 

629125 
601584 
575423 

954 
912 
872 

997 
953 
912 

1042 
996 
953 

664781 
636418 
609461 

955 
914 
875 

997 
954 
914 

1041 
996 
954 

Northampton, 

3 

ff 

566593 

859 

898 

939 

600478 

862 

901 

940 

American, 

4 

tt 

580166 

879 

920 

961 

615136 

884 

923 

964 
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Table  W. — Showing  the  Liability  under  Policies  existing  in  the 
Model  Office  in  each  Quinquennium  of  Insurance. 


uin- 
mium. 

Analyzed-Mortality. 

a 
c 

c.2 
"5  c 

Combined  HM  and  HM6. 

aS 

3 

cr 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

aS 

3 

cr 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

1 

28978 

27335 

25825 

1 

24166 

22503 

20968 

2 

58430 

55129 

52074 

2 

58785 

55249 

51965 

3 

78581 

74438 

70579 

3 

78998 

74636 

70559 

4 

90727 

86306 

82174 

4 

92113 

87537 

83236 

5 

96087 

91781 

87790 

5 

97927 

93582 

89457 

6 

93716 

90067 

86526 

6 

95670 

91914 

88314 

7 

84155 

81206 

78359 

7 

86261 

83290 

80420 

8 

69901 

67650 

65667 

8 

71513 

69379 

67283 

9 

53274 

51843 

50467 

9 

54310 

52896 

51519 

10 

36082 

35264 

34458 

10 

36570 

35760 

34959 

uin- 
inium. 

HM. 

1  "uintui 
-uin 

Seventeen  Offices. 

as 

3 

cr 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

as 

3 

cr 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

1 

24166 

22503 

20968 

1 

23814 

22152 

20636 

2 

54057 

50655 

47515 

2 

53501 

50115 

46997 

3 

75765 

71472 

67464 

3 

75253 

70979 

66993 

4 

89882 

85330 

81036 

4 

89494 

84960 

80886 

5 

96412 

92075 

87953 

5 

96099 

91781 

87673 

6 

94725 

90960 

87352 

6 

94415 

90658 

87074 

7 

85701 

82727 

79846 

7 

85361 

82397 

79530 

8 

71213 

69056 

66963 

8 

70866 

68715 

66632 

9 

54140 

52730 

51350 

9 

53852 

52432 

51045 

10 

36474 

35677 

34861 

10 

36288 

35470 

34660 

i| 

Davies's  Equitable. 

•uiniu 
-uir 

Carlisle. 

aS 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

as 
& 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

1 

21923 

20389 

18991 

1 

22176 

20594 

19126 

2 

48733 

45581 

42661 

2 

49628 

46358 

43337 

3 

68213 

64187 

60417 

3 

69790 

65613 

61718 

4 

81049 

76702 

72505 

4 

83371 

78878 

74646 

5 

87112 

82897 

78894 

5 

90316 

85966 

81864 

6 

85807 

82066 

78496 

6 

89553 

85766 

82143 

* 

77989 

74935 

72016 

7 

81545 

78515 

75593 

65295 

63036 

60855 

8 

67969 

65750 

63601 

9 

50194 

48674 

47198 

9 

51848 

50367 

48920 

10 

34285 

33384 

32524 

10 

35056 

31195 

33336 

. 

North- 

English No.  2. 

English  No.  3. 

c  .2 

3  5 

ampton, 

g.2 
'3  5 

as 

3 

cr 

3  per-cent. 

3  per-cent. 

4  per-cent. 

a  5 

3 

cr 

3  per-cent. 

3£  per-cent. 

4  per-cent. 

1 

20787 

23327 

20267 

1 

23478 

21891 

20422 

2 

46571 

52228 

45946 

2 

52531 

49292 

46288 

3 

65366 

73335 

65307 

3 

73642 

69540 

65705 

4 

77791 

87183 

78600 

4 

87404 

83026 

78908 

5 

83829 

93777 

85519 

5 

93805 

89619 

85637 

82983 

92387 

85169 

6 

92232 

88608 

85107 

? 

75904 

83750 

77996 

7 

83580 

80677 

77858 

8 

63949 

69629 

65431 

8 

69536 

67416 

65358 

9 

49413 

52931 

50140 

9 

52917 

51515 

50140 

10 

33885 

35655 

34027 

10 

35656 

34834 

34038 
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Table  X. — Showing  the  Total  Number  of  Policies  for  each  age  at 
Entry  existing  at  the  end  of  each  Quinquennium. 


Quin- 
quennium. 

N 

20 

umber  of  Policies  existing  for  Age  at  Entrj 

25                 30  35 

!  i 

r. 

40 

Quin- 
quennium. 

1 

2 
3 
4 
5 
6 
7 

;  s 

9 
10 

34035 

78086 
95204 
110295 
123747 
135937 
146964 
156689 
164584 

94632 
168583 
232315 
288584 
338481 
382787 
420825 
452668 
478419 
497503 

■ 

115519 
208923 
289741 
360867 
422991 
476119 
519823 
554039 
579230 
594800 

101800 
184780 
256489 
318501 
371730 
415932 
450394 
474940 
489323 
495736 

76565 

191137 
235271 
271635 
300020 
320565 
332849 
338281 
339949 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

!  

45 

50 

55 

60 

05 

2 
3 
4 
5 
6 
7 
8 

1  9 
10 

52577 
94447 
128910 
156621 
177951 
192710 
201173 
204838 
205960 
206179 

34361 
60968 
82223 
98523 
109982 
116642 
119619 
120441 
120587 
120589 

19110 

33417 
44077 
51560 
55991 
58045 
58751 
58904 
58906 
58906 

10480 
17763 
22500 
25260 
26597 
27030 
27105 
27106 
27106 
27106 

4495 
7389 

f  C  U  t/ 

9056 
9873 
10204 
10271 
10272 
10272 
|  10272 
10272 

1 

2 
3 
4 
5 
6 

* 
8 

9 

10 

Summary  of  above.    Total  for  all  Ages  at  Entry. 


Quin- 
quennium. 

Number  of  Policies. 

. 

1 

543571 

2 

973117 

3 

1334534 

4 

1640264 

5 

1895857 

6 

2103303 

7 

2264464 

8 

2383021 

9 

2464773 

10 

2515624 
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Discussion. 

The  President  (Mr.  J.  Hill  Williams)  said : — Gentlemen,  when 
Mr.  King  was  good  enough  to  favour  us  in  April  last  with  the  first 
part  of  his  paper,  some  of  us  ventured  to  anticipate  with  considerable 
interest  the  second  part,  which  involved  only  financial  considerations. 
I  think  those  who  then  formed  that  expectation,  have  not  now 
been  disappointed,  if  the}^  have  been  able  to  follow  this  elaborate, 
ingenious,  and  interesting  paper.  The  objections  that  have  been 
sometimes  made  to  the  hypothetical  selection  of  a  model  office,  as 
it  is  called,  seem  to  me  to  be  rather  overstrained.  Worked  out,  as 
it  has  been  by  the  author  of  this  paper,  it  appears  to  me  that  the 
model  office  is  founded  most  strictly  on  scientific  principles.  It  is, 
in  fact,  founded  on  the  law  of  averages,  which  is  the  foundation 
of  the  whole  science  of  the  actuary;  and  I  think,  although  no  one 
need  expect  to  be  able  to  trace  the  workings  of  a  particular  office  by 
the  working  of  this  supposed  model  office,  still  it  is  a  point  of  great 
interest  to  us  to  know  what  the  combined  working  of  all  the  insurance 
offices,  under  the  circumstances  in  which  they  work  together,  would 
bring  out;  and  this  is  clearly  brought  out  in  the  paper  now  before 
us.  This  collection  of  facts,  worked  out  as  it  has  been  so  completely 
by  Mr.  King,  and  that  by  the  help  of  many  new  and  ingenious 
formulas,  is  very  Interesting ;  and  it  may  be  a  matter  of  some  moment 
to  the  members  of  the  Institute  generally  to  know  that  we  may 
expect  shortly  to  have  another  very  large  body  of  facts  submitted  to 
the  public,  from  which  very  many  interesting  conclusions  may  be 
derived.  I  have  been  informed  by  a  letter  from  Mr.  Meech,  the 
Secretary  of  the  Chamber  of  Life  Insurance  in  the  United  States, 
that  the  American  life  offices,  to  the  number  of  twenty-five,  have 
followed  the  example  of  the  Institute  of  Actuaries,  and  are  beginning 
to  collect  their  own  mortality  experience.  When  we  receive  the  result 
of  their  labours,  we  shall  have  many  subjects  of  comparison  to 
make  with  our  own  mortality  table.  In  announcing  the  fact  of  this 
collection,  Mr.  Meech  pays  some  graceful  compliments  to  the  Institute, 
expressing  specially  his  own  high  appreciation  of  the  Journal.  He 
says  that  in  its  pages  they  have  found  laid  down  and  treated  in  the 
most  perfect  and  luminous  manner  all  the  subjects  that  were  necessary 
to  enable  them  to  commence  their  gigantic  work ;  and  they  particularly 
specify  the  labours  of  some  distinguished  members,  Mr.  Woolhouse, 
Mr.  Sprague,  and  Mr.  Makeham.  At  the  same  time  it  is  evident 
they  have  no  intention  of  following  servilely  the  subjects  that  have 
been  initiated  in  this  country.  With  the  energy  which  distinguishes 
that  restless  and  enterprising  nation,  I  have  no  doubt  that  members 
of  the  actuarial  profession  in  the  United  States  will  look  at  many 
questions  that  interest  us  largely,  from  different  points  of  view  to 
ours,  and  it  will  be  very  interesting  to  us  to  witness  the  results  of 
their  labours.  The  meeting  will  be  happy  to  hear  any  observations 
that  any  members  may  wish  to  make  with  reference  to  the  paper  just 
read,  which  gives  food  for  a  great  deal  of  thought  and  consideration. 

Mr.  Manly  said  that  the  figures  he  gave  nine  years  ago  in  what 
has  now  received  the  name  of  model  office,  were  only  approximately 
true  ;  and  his  calculations  were  based  on  the  assumption  that  new 
business  was  introduced  only  at  quinquennial  periods,  but  still,  he 
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was  not  prepared  at  first  to  see  the  remarkable  difference  between  his 
hypothetical  office,  and  the  office  which  has  been  prepared  by  Mr. 
King  from  established  facts.  Nevertheless,  the  comparisons  between 
the  use  of  the  different  tables  are  not  so  diverse  as  might  have  been 
expected.  When  he  read  in  this  paper  that  Mr.  King  intended  to 
continue  the  name  ' 6  model  office",  although  not  considering  it  a 
very  felicitous  phrase,  he  searched  his  own  paper  and  found,  to  his 
great  relief,  that  he  had  never  used  the  term  at  all.  He  had  always 
referred  to  it  as  the'  "  assumed  office".  Mr.  King's  proposed  office 
is  far  better  entitled  to  the  term  "  model  office".  At  the  same  time, 
he  did  not  think  the  directors  would  accept  that  as  a  "model  office" 
which  is  not  increasing  its  new  business  from  year  to  year;  he  would 
therefore  throw  out  the  suggestion  whether  we  might  not  adopt  the 
term  hypothetical  office,  instead  of  continuing  the  unfortunate  name. 
He  wished  to  point  out  in  one  line  what  seems  to  be  simply  a  slip  of 
the  pen.  Mr.  King  in  discussing  the  use  by  an  office  of  annuity 
values,  and  the  effect  of  making  a  small  reserve  in  the  expectation  of 
paying  claims  out  of  interest,  say  s  that  "  such  is  the  state  of  all 
companies  that  employ  too  light  a  mortality  table."  That  cannot 
be  his  intention,  as  about  ten  lines  above  he  expresses  himself, 
"  whereas,  if  we  use  annuities  which  give  on  an  average  smaller  policy 
values,  we  shall  find  at  the  end  of  the  year  the  funds  are  too  small." 
The  term  is  not  strictly  accurate,  and  should  be  "  companies  using  a 
mortality  table  which  gives  too  small  a  reserve."  His  own  table, 
when  it  was  first  prepared,  had  some  little  novelty  in  it,  and  produced 
some  effects  that  we  were  not  all  prepared  to  see.  That  has  served 
its  purpose  for  nine  years,  and  must  now  give  place  to  what  is  more 
modern. 

Mr.  Beiiridge  observed  that  Table  P  informs  us  that  the  HM  pre- 
miums at  the  younger  ages  are  decidedly  too  low,  but  he  was  inclined 
to  think  that  this  must  be  a  little  overstated.  The  difference  seems 
too  large,  and  at  age  20  it  may  have  arisen  from  a  paucity  of  figures 
at  the  later  ages,  which  seems  to  have  struck  Mr.  King  himself  in 
calculating  the  analyzed  mortality  for  the  younger  ages,  and  possibly 
at  the  age  65  by  his  use  of  the  facts  as  to  the  year  0.  Mr.  King  has 
assumed  that  during  the  whole  of  the  first  year  the  same  light  mor- 
tality will  appear  as  appears  in  the  half-year  immediately  following 
examination ;  and  possibly,  in  an  annuity,  the  period  of  which  is 
comparatively  short,  it  may  have  influenced  the  value  to  an  undue 
extent.  Comparing  his  own  annuity  values  with  Mr.  King's  and  Mr. 
Sprague's,  he  found  that  Mr.  King  states  the  initial  annuities,  or  the 
annuities  at  the  date  of  assurance,  with  greater  divergence  from  the 
HM  table. 

The  following  are  the  differences  : — 


Age. 

King. 

Sprague. 

Berridge. 

25 

-•465 

-•406 

-•381 

30 

-•207 

-191 

-•248 

35 

+  •008 

-038 

-137 

40 

+  079 

-•051 

•000 

45 

-103 

-163 

-020 

50 

+  359 

+  •218 

+  169 

55 

+  •338 

+  172 

+  •046 

60 

+  •638 

+  094 

+  029 
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These  are  serious  differences.  We  must,  therefore,  not  rush  to  the  con- 
clusion that  we  are  going  to  make  a  heavy  profit  on  old  lives.  He 
would  now  say  a  few  words  with  regard  to  the  peculiar  variations  of  the 
analyzed  mortality  from  the  standard  table,  which  is  by  Mr.  King 
and  Mr.  Sprague  attributed  to  the  discontinuance  of  policies.  Mr. 
King  says  that  the  variation  is  rather  heavier  than  might  have  been 
expected  from  our  previous  ideas.  He,  Mr.  Berridge,  thought  it 
probably  arises,  at  least,  in  some  degree,  from  the  class  of  men  who 
come  to  assure  their  lives.  No  doubt  discontinuances  have  something 
to  do  with  it ;  but,  on  the  other  hand,  we  get  a  sort  of  middle  class 
coming  to  assure.  The  doctor  rejects  for  us  the  bad  lives,  but  the 
very  best  lives  do  not  come  in  their  full  proportion,  and  of  the  men 
who  do  not  come  in  there  may  be  many  who  know  themselves  to  be 
"shaky",  which  "shakiness"  the  doctor  does  not  detect,  and  that 
"  shakiness"  turns  up  a  few  years  afterwards  in  the  shape  of  influence 
on  the  mortality  experience.  No  man,  probably,  can  look  more  than 
a  few  years  forward — at  any  rate,  the  estimate  he  forms  of  himself 
is  only  for  the  few  years  in  advance,  and,  therefore,  it  follows  that 
those  cases  do  not  influence  the  remoter  periods  of  life,  but  do  influence 
the  mortality  within,  perhaps,  the  next  twenty  years,  and  it  seems 
probable  that  we  get  a  class  of  men  among  whom  there  is  an  excess 
of  mortality  within  a  certain  period. 

Mr.  Sutton  had  compared  the  various  annuity  values  given  in 
the  paper.  Mr.  King's  object  was  to  separaf^  from  the  younger 
lives  at  entry  those  selected  lives  that  come  in  at  older  ages ;  in  other 
words,  to  trace  the  young  lives  to  the  end  on  their  own  account. 
Mr.  King  has  constructed  annuity  tables  for  ages  20,  25,  30,  and  so 
on.  Taking  these  out  and  putting  them  side  by  side,  there  are  two 
or  three  peculiarities  worth  noticing.  For  age  45  at  entry,  Mr.  King's 
annuity  is  15*49,  whereas  for  present  age  45,  entered  at  20, — that  is 
after  25  years'  assurance, — the  annuity  is  greater.  That  appears  to 
be  rather  opposed  to  what  we  should  expect.  Then  at  age  55,  the 
annuity  at  entry  is  12*43,  and  the  annuity  at  the  present  age  55, 
entered  at  20,  after  35  years  of  assurance,  is  12*58.  Age  50,  again, 
is  very  remarkable.  They  are  less  than  those  of  later  policies,  and 
less  than  those  of  younger  lives.  That  we  may  expect.  Possibly  the 
variation  arises  from  the  way  in  which  Mr.  King  constructed  the 
tables.  He  could  not  agree  with  Mr.  King's  remark  as  to  surrender 
values.  Mr.  King  says  that  his  analyzed  mortality  tables  give, 
generally  speaking,  for  young  ages  at  entry,  smaller  reserves  than  the 
ordinary  tables  do,  and  he  says  from  that  we  are  liable  to  pay  larger 
surrender  values  than  we  ought.  But  even  admitting  that  surrender 
values  depend  upon  reserve  values,  when  we  look  a  little  deeper  into 
it,  and  notice  the  early  years  of  assurance — in  other  words,  when 
policies  are  more  likely  to  be  surrendered,  things  are  the  other  way. 
Mr.  King's  figures  bring  out  larger  reserves  than  the  HM  table.  Mr. 
King  in  his  model  office,  makes  all  persons  who  enter,  no  matter  what 
their  age,  assure  for  the  same  amount.  It  is,  however,  doubtful 
whether  that  is  a  proper  assumption  to  make.  Then  as  to  duplicate 
policies.  There  is  no  doubt  you  often  have  the  same  person  come 
on  the  books  after  a  first  insurance  is  effected.  In  the  Institute 
Twenty  Offices'  Experience,  the  duplicate  policies  are  eliminated.  It 
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is  not  quite  certain  that  that  is  the  best  way  of  doing  it.  It  is  worthy 
of  consideration  whether  a  person  effecting  a  second  assurance  ought 
not  to  be  treated  as  a  new  entrant  at  his  advanced  age.  If  that  had 
been  done,  it  might  have  had  a  material  effect  on  the  figures  employed 
in  tracing  the  effect  of  selection.  The  question  of  duplicate  policies 
is  by  no  means  an  immaterial  one.  In  looking  at  the  Scotch  Expe- 
rience it  is  found  that  out  of  115,000  policies  23,000  were  duplicates. 
With  regard  to  the  mathematical  demonstration  at  the  end  of  the 
paper,  he  thought  it  would  have  been  better  if  Mr.  King  had  put  it 
as  a  continuation  of  Mr.  Sprague's  in  his  paper  in  vol.  xi.  It  would 
have  involved  hardly  any  alteration  whatever,  and  would  only  have 
taken  two  lines  instead  of  half  a  page. 

Mr.  Washbuen  (Boston,  U.S.)  had  on  two  or  three  occasions 
listened  to  the  valuable  papers  read  in  this  place,  and  desired  that 
these  reports  should  be  generally  circulated  among  the  actuaries  on 
the  other  side.  He  thought  an  interchange  of  documents  from  one 
side  of  the  Atlantic  to  the  other  would  be  beneficial  to  both  parties, 
allied  as  they  are  by  race  and  language,  and  connected  so  closely  by 
steam  communication.  Holding  these  views,  it  had  occurred  to  him 
that  the  members  of  the  Institute  would  read  with  interest  a  valuable 
paper  which  had  been  lately  published  by  the  Life  Assurance  State 
Society,  on  the  weights,  under-weights,  and  over-weights  of  lives 
assured.  It  has  been  prepared  with  very  great  care  by  the  medical 
department  of  the  company,  embraces  about  23  years,  and  covers 
30,000  lives,  minutely  examined  with  reference  to  their  heights  and 
weights.  Having  learnt  from  Mr.  Walford  that  this  subject  had  not 
been  directly  brought  under  the  notice  of  the  Institute,  he  had  written 
home  to  New  York  and  obtained  several  copies  of  the  paper,  and  now 
had  the  pleasure  of  presenting  a  copy  for  the  library,  and  three  or 
four  other  copies  for  the  use  of  the  members  of  the  Institute. 

Mr.  Bailey  thought  that  Mr.  Sutton  had  lost  sight  of  a  passage 
in  Mr.  King's  paper,  where  he  speaks  of  the  mortality  of  assured  lives 
having  three  marked  peculiarities.  "It  is  during  the  first  two  or 
three  years  very  light;  after  that,  and  throughout  a  great,  and  for 
assurance  purposes  the  most  important  period  of  life,  it  is  unduly 
heavy;  and  in  the  latter  years  it  improves  again."  If  in  the  latter 
years  it  improves  again,  Mr.  Sutton's  remark  is  answered.  He  had 
also  remarked  that  the  value  of  an  annuity  by  Mr.  King's  analyzed 
table  at  55,  is  very  nearly  identical  with  the  corresponding  values 
for  the  entrants  at  age  20  after  35  years  have  elapsed.  That  there  is 
reason  to  believe  that  after  that  period  of  time  the  lives  on  our  books 
are  probably  better  than  the  average  was  urged  by  Mr.  Higham,  sen., 
some  years  ago.  Then  as  to  the  duplicate  lives.  When  this  Institute 
experience  was  collected,  it  was  perhaps  not  sufficiently  considered  to 
what  uses  it  might  be  applied.  There  was  a  great  desire  to  eliminate 
the  duplicate  lives  which  had  not  been  done  before.  As  the  materials 
are  yet  extant,  the  several  cards  relating  to  the  policies  on  the  same 
life  were  placed  in  one  envelope,  and  these  envelopes  could  be  produced 
and  analyzed  if  thought  necessary.  The  duplicate  lives  consist  of  two 
classes,  (I)  the  same  man  assuring  at  different  periods  of  life,  and 
(2) — what  is  a  common  case — assurances  for  a  large  sum  effected  at 
different  offices  at  the  same  time.    If,  for  instance,  such  a  sum  as 
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£100,000  were  assured  on  the  same  life  at  the  same  time  in  20  offices, 
when  the  life  failed  it  would  be  counted  as  20  deaths  under  the  system 
of  the  old  experience. 

Mr.  Gob.don  wished  to  put  a  question  on  one  of  the  most  interesting 
points  of  the  paper,  namely,  with  regard  to  the  Tables  P  and  Q.  Mr. 
King  says  he  has  brought  before  us  some  short-term  policies;  and 
it  should  be  noticed  that  the  same  cause  operating  among  the  older 
entrants  where  the  percentages  in  Tables  P  and  Q,  are  negative,  tends 
to  raise  the  true  risk  premium  towards  the  HM.  It  would  therefore 
appear  that  the  HM  premiums  at  the  younger  ages  are  decidedly  too 
low,  while  those  at  the  higher  ages  are  not  in  a  corresponding  degree 
too  high.  Now  turning  to  the  table  it  is  seen  that  at  the  younger 
ages,  20,  25,  and  30,  the  percentages  by  which  it  exceeds  the  HM 
premium,  are  10,  5,  2;  while  at  60,  65,  it  is  less  by  7  and  14.  The 
extreme  of  the  case  of  lower  premium  is  greater  than  the  extreme 
of  the  case  of  a  higher  premium.  Why,  then,  does  Mr.  King  say 
the  one  is  decidedly  too  high,  and  the  other  is  not  correspondingly  too 
low  ? 

The  President — Before  asking  the  author  to  reply,  I  should  like 
to  make  one  observation  in  reference  to  the  correspondence  from  the 
Chamber  of  Life  Insurance  of  New  York.  It  expresses  the  determi- 
nation of  the  American  actuaries  to  do  that  which  has  been  alluded 
to — to  value  policies  and  amounts,  and  not  lives.  The  subject  is 
giving  them  a  great  deal  of  consideration,  and  they  feel  very  much 
inclined  to  follow  the  example  of  the  Institute,  but  they  find  the 
opinion  of  several  actuaries  is  rather  in  favour  of  valuing  policies  and 
amounts,  and  not  eliminating  the  duplicate  policies. 

Mr.  King  in  reply  said  that  the  way  in  which  the  Institute  treats 
its  younger  members  is  very  encouraging  to  them,  and  at  the  same 
time  conducive  to  the  interest  of  the  profession.  When  he  joined  the 
Institute  a  few  years  ago,  not  knowing  anyone  in  it,  he  feared  it 
might  be  difficult  to  gain  a  footing,  but  he  had  found  everyone  very 
willing  to  help  those  who  take  an  interest  in  these  subjects,  and  his 
connection  with  the  Institute  had  for  the  last  few  years  been  one  of 
his  greatest  pleasures.  Mr.  Sutton's  remark  as  to  annuity  values  had 
been  answered  by  Mr.  Bailey.  Mr.  Sutton  would  find  that  the 
peculiarity  to  which  he  adverts  is  observable,  not  at  one  or  two  ages 
only,  but  it  runs  all  through  the  tables,  and  is  so  general  as  to  be  a 
well  marked  law.  Mr.  Sprague  had  pointed  out  the  same  thing  when 
he  wrote  a  paper  some  years  ago  on  the  effect  of  selection  amongst 
assured  lives.  In  regard  to  the  difference  between  the  annuities  as 
at  date  of  assurance,  brought  out  in  this  paper,  and  those  of  Mr. 
Berridge  and  of  Mr  Sprague,  it  is  to  be  remembered  that  in  Mr. 
Berridge's  tables  the  "  selection"  was  traced  for  only  20  years,  and 
not  for  the  whole  of  life,  as  in  this  paper;  and  this  may  at  least  in 
part  account  for  the  differences  in  the  annuities.  He  did  not  think 
there  is  much  danger  of  Mr.  Manly' s  work  of  nine  years  ago  being 
superseded.  Only  at  one  or  two  points  does  the  present  paper  trench 
upon  his.  The  expression  "  light  mortality  table",  criticized  by 
Mr.  Manly,  has  special  reference  to  the  financial  effects  of  the  table, 
as  the  context  of  the  passage  shows.  No  one  who  has  gone  into  the 
question  of  the  influence  of  mortality  on  policy  values  can  have  failed 
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to  discover  how  the  reserves  required  hy  one  table  and  those  by  another 
do  not  depend  on  the  actual  rate  of  mortality,  but  on  the  manner  of 
its  incidence  at  the  different  ages.  He  knew  no  paper  that  brings 
this  fact  out  so  admirably  as  Mr.  Meikle's  "Policy  Life  Lines",  which 
shows  very  clearly  the  relation  between  mortality  and  policy  values. 
With  regard  to  the  observations  that  had  been  made  on  Tables  P 
and  Q,  Table  Q  is  meant  as  a  commentary  on  Table  P.  Table  P  gives 
the  whole-life  premiums,  and  Table  Q  gives  the  premiums  for  term 
assurances  calculated  for  one  age  at  entry.  The  same  principle  that 
operates  at  that  age,  will  operate  at  all  the  others.  The  principle  to 
be  demonstrated  is  this,  that  the  lighter  mortality  that  takes  place 
among  those  long  assured,  tends  to  reduce  the  whole-life  premiums, 
as  given  by  the  tables,  in  an  undue  degree  for  all  ages  at  entry.  For 
if  we  take  the  term  premium,  and  compare  it  with  that  by  the  HM 
table,  we  find  it  considerably  higher  in  proportion  than  the  whole-life 
premium.  I  mean  to  express  the  fact  that  the  loss  incurred  on  the 
young  entrants  by  charging  the  HM  premium,  is  greater  than  is 
apparent  from  the  percentages  of  Table  P,  while  that  table  also 
exaggerates  the  profit  to  be  made  on  old  entrants;  so  that  the  gain 
on  one  class  of  lives  will  not  balance  the  loss  on  the  other. 
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The  above  question  has  at  the  present  time  become  one  of  prac- 
tical importance  in  the  United  States  of  America,  and  it  will 
probably  interest  our  readers  to  see  the  ideas  that  are  prevalent  on 
the  subject  on  the  other  side  of  the  Atlantic.  We  therefore  reprint 
below,  an  article  that  has  been  contributed  to  the  Spectator  of 
New  York  and  Chicago.  The  question  was  much  discussed  in 
England  a  few  years  ago,  on  the  occasion  of  the  failure  of  the 
Albert  and  European  offices.  Two  papers  on  the  subject  appeared 
in  the  16th  volume  of  this  Journal:  Mr.  Sprague's  On  the  Liqui- 
dation and  Reconstruction  of  an  Insolvent  Life  Insurance  Company 
(p.  229),  and  Mr.  Bailey's  On  Insolvency  in  Life  Assurance  Com- 
panies (p.  389).  In  the  15th  volume,  p.  385,  there  is  a  letter 
from  Mr.  D.  Pitcairn  commenting  on  Mr.  Bunyon's  pamphlet  On 
the  Liquidation  of  an  Insolvent  Life  Office  (Laytons,  1870);  but 
no  other  notice  of  this  pamphlet  has  hitherto  appeared  in  our 
pages.  Attention  being  now  drawn  to  the  subject  again  by  the 
failure  of  some  American  Life  offices,  one  of  which,  the  Continental, 
is  said  to  have  transacted  a  larger  new  business  than  any  other 
company  in  the  world,  we  have  thought  it  desirable  to  place  before 
our  readers  a  fuller  account  of  Mr.  Bunyon's  pamphlet  than  is 
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contained  in  Mr.  Pitcairn's  letter ;  and  we  therefore  reprint,  with 
the  author's  kind  permission,  the  following  passages  from  it. — 
Ed.  J.  I.  A. 


Extracts  from  the  pamphlet  "  On  the  Liquidation  of  an  Insolvent  Life 
Office",  by  C.  J.  Bunyon,  M.A.,  Barrister-at-Law,  and  Actuary 
of  the  Norwich  Union  Life  Insurance  Society. 

The  true  principle  of  the  liquidation  of  a  life  office  is  the  application 
of  a  deficient  fund  so  far  as  it  will  go  in  the  solution  of  the  liabilities 
to  which  it  is  subject.  The  principle  of  the  Winding-up  Act  is  to 
endeavour  to  ascertain  the  value  of  those  liabilities,  often  incapable 
of  valuation,  and  to  divide  the  common  fund  in  proportion  to  such 
assumed  values.  The  Court  of  Chancery,  then,  can  scarcely  here  do 
complete  justice ;  and  this  is  precisely  the  case  in  which  Parliament 
should  interpose,  and  supply  increased  powers  and  an  amended  form 
of  procedure.  Neither  in  this  nor  in  any  other  case  can  Parliament 
interfere  to  alter  the  rights  of  individuals  and  form  new  contracts 
for  them  ;  but  to  supply  deficient  powers  and  regulate  imperfect 
contracts,  is  among  its  commonest  functions.  The  skill  of  the  con- 
veyancer in  preparing  the  deed  of  settlement,  might  have  anticipated 
every  possible  contingency  in  the  history  of  a  life  office ;  and  to  supply 
omissions  is  here  as  reasonable  as  to  give  effect  to  an  estate  bill,  or 
enact  that  deeds  of  settlement  or  mortgage  effected  after  a  certain 
date  shall  have  powers  supplied  by  implication. 

The  contract  between  the  office  and  the  insurer  is  in  form  in  almost 
every  case,  that,  in  consideration  of  the  premium  paid  by  the  latter, 
the  funds  and  capital  of  the  company  shall  be  liable  to  the  payment 
of  the  sum  assured,  together  with  such  additions,  in  the  case  of  profit 
policies,  as  may  be  made  thereto  in  pursuance  of  the  provisions  of  the 
deed  of  settlement.  And  it  is  generally  provided  that  no  shareholder 
shall  be  personally  responsible  for  more  than  the  unpaid  part  of  the 
capital  subscribed  by  him.  In  this  contract,  in  a  proprietary  company 
— and  the  purely  mutual  insurance  societies  are  few  in  number — there 
is,  in  legal  language,  no  privity  between  the  policyholders.  They  are 
not  partners  ;  they  have  no  right  to  interfere  in  the  management  of 
the  office.  Their  right  is  limited  to  the  recovery  of  the  sum  assured, 
and  the  additions  thereto  when  payable ;  and  it  is  only  when  there  is 
the  prospect  of  an  open  breach  of  the  contract — such  as  a  proposal  to 
transfer  the  funds  in  direct  contravention  of  the  provisions  of  the 
deed  incorporated  by  reference  in  the  policy — that  they  can  act 
together  in  equity ;  and  only  then  in  the  same  way  that  any  persons 
having  similar  interests  can  combine,  by  one  or  more  of  them  filing 
their  bill  of  complaint  on  behalf  of  themselves  and  all  other  persons 
similarly  situated.  They  are  beneficially  interested  in  the  invested 
capital  of  the  company,  but  have  no  specific  lien,  no  charge  upon  it, 
no  right  to  interfere  Avith  it,  no  right  of  preference  in  respect  of  it,  as 
against  even  the  ordinary  simple  contract  creditor  of  the  office.  They 
look  upon  the  shareholders'  capital,  whether  paid  up  or  not,  as  a  gua- 
rantee fund  for  the  due  performance  of  the  contracts  entered  into  with 
them,  and  with  justice  in  the  majority  of  instances  ;  but  it  is  doubtful 
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whether  they  can  enforce  the  guarantee,  except  through  the  medium 
of  the  Winding-up  Acts ;  and  it  is  certain  that,  up  to  the  present 
time,  no  bill  has  ever  been  sustained,  of  which  the  prayer  was  that  a 
call  upon  the  shareholders  should  be  made  on  the  ground  of  an  esti- 
mated deficiency  in  the  assets.  Unless  we  can  prove  actual  insolvency, 
the  powers  of  a  policyholder  in  a  proprietary  company  are  really  limited 
to  the  right  of  remonstrance  ;  and,  except  so  far  as  they  may  be 
calculated  to  affect  the  business  of  the  office,  the  shareholders  may 
allow  the  policyholders'  complaints  to  pass  utterly  unheeded.  The 
question  of  bonus  is  usually  thought  one  of  the  most  important  by 
the  £>olicyholder  j  but  it  has  been  considered  that  he  cannot  compel 
the  shareholders  to  carry  on  the  business  to  make  bonuses  for  him, 
and  there  is  no  precedent  for  compelling  them  to  cause  valuations  to 
be  made,  and  a  bonus  to  be  declared,  if  they  are  unwilling  to  do  so. 

When  a  winding-up  order  has  been  made,  the  positions  of  the 
parties  are  greatly  changed ;  the  policyholder  becomes  a  creditor,  and 
the  shareholder  a  contributory.  The  term  creditor  might  have  been 
thought  inapplicable  to  the  case  of  a  policyholder  during  the  existence 
of  the  life  assured,  but  by  the  provisions  of  the  winding-up  clauses  of 
"The  Companies  Act,  1862",  "all  claims  against  the  company,  present 
"  or  future,  certain  or  contingent,  ascertained  or  sounding  only  in 
"  damages,  are  admissible  in  proof,  a  just  estimate  being  made, 
"  as  far  as  possible,  of  their  value."  Acting  upon  a  like  provision  in 
a  previous  Act,  the  Court  directed  an  inquiry  what  assurances  and 
annuities  were  in  existence  on  the  day  when  the  company  closed  its 
business,  and  the  then  value  of  such  assurances  and  annuities  ;  and  the 
owners  were  entitled  to  prove  as  upon  an  actuary's  valuation  of  such 
liabilities.  The  company  would  then  be  wound  up  upon  the  payment 
of  those  values,  so  far  as  the  assets  would  suffice,  assisted  by  such 
calls  upon  the  shareholders  as  could  be  made ;  first  deducting  the  costs 
of  the  winding-up,  including  the  charges  of  the  liquidators,  except  so 
far  as  such  costs  and  charges  could  be  thrown  on  the  shareholders 
alone. 

This,  however,  may  be  scant  justice  to  persons  whose  health  wTill 
not  allow  them  to  insure  in  another  office;  while  to  others  who  may 
be  able  at  once  to  effect  new  policies  in  a  solvent  company,  it  may 
give  more  than  the  values  which  their  policies  might  otherwise  realize, 
since  an  insurance  company  rarely  purchases  its  policies  at  their  full 
value,  and  at  the  auction  mart  they  might  be  worthless. 

The  law,  moreover,  as  we  have  stated  it,  by  no  means  represents 
the  feelings  of  the  public,  or  the  justice  of  the  case,  when  the  true 
principles  of  life  insurance  ar©  considered.  It  cannot  be  said  to  be 
at  fault,  because  it  holds  people  to  their  contracts;  but  a  broader 
view  is  taken  of  the  case,  and  it  is  felt  that  the  respective  parties  do 
not  fill  their  true  positions  ;  that  the  written  policy  dors  not  fully 
represent  the  real  contract,  and  that  there  are,  from  the  nature  of  the 
case,  implied  agreements  unprovided  for,  if  not  at  variance  with  the 
formal  instrument. 

The  policy  and  the  deed  of  settlement,  professing  to  define  the 
relations  of  the  assurers  and  the  assured,  treat,  as  a  ride,  the  share- 
holders as  the  one,  and  the  policyholders  as  the  other.  But,  useful  as 
the  share  capital  may  be,  either  in  the  management  or  in  protecting 
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the  integrity'  of  contracts  entered  into, — in  other  words,  in  acting 
as  a  guarantee  fund, — it  would  be  notoriously  insufficient  without  the 
contributions,  of  the  policyholders,  the  due  care  and  application  of 
which,  in  consideration  of  the  guarantee,  has  been  confided  to  the 
shareholders.  Underlying  the  whole  contract,  is  the  original  idea  of 
the  Mutual  Assurance  office. 

It  is  obvious  that  the  liabilities  of  a  life  office  varv  in  kind  from 
those  of  almost  any  other  company  ;  and,  being  liabilities  undertaken 
to  be  performed  at  future  and  distant  dates,  although  susceptible  of 
valuation  with  some  accuracy  in  the  mass,  are  in  detail  scarcely 
capable  of  valuation  at  all.  For  example,  if  the  liabilities  of  an  office 
are  represented  by  one,  five,  or  ten  millions  assured,  an  actuary  can 
tell  very  nearly  what  sum  of  money,  in  addition  to  the  annually 
accruing  premiums,  will  eventually  pay  the  claims;  but  in  the  case 
of  single  policies  affected  by  the  individual  circumstances  of  the  assured, 
circumstances  of  health,  position,  or  even  necessity,  it  becomes  impos- 
sible to  set  a  value  upon  them.  Hence,  to  value  the  whole  as  an 
actuary  would  value  them  for  a  bonus,  and  admit  individuals  to  prove 
for  the  separate  values,  does  not  meet  the  justice  of  the  case.  The 
Court  might  indeed  endeavour  to  provide  for  all  special  cases  by 
having  a  special  valuation  made  whenever  a  life  had  become  impaired 
by  disease  or  extreme  old  age;  but  the  expense  of  such  a  valuation 
would  be  immense;  the  outrage  upon  the  feelings  of  invalids  would 
be  monstrous ;  and  as  the  best  lives  could  not  be  assumed  better  than 
the  average  of  the  tables,  the  increase  of  the  shareholders'  liability 
would  be  considerable. 

To  permit  the  policyholders  to  prove  singly  is  to  allow  the 
liquidation  to  change  the  very  nature  of  the  contract.    In  the  majority 
of  offices  the  assured  are  not  entitled,  as  of  right,  to  surrender  their 
policies  at  all,  and  certainly  not  to  withdraw  the  full  amount  of  their 
official  values.    To  do  this,  especially  at  times  of  panic  and  discontent, 
would  be  to  offer  a  premium  to  the  better  lives  to  withdraw  from  the 
concern,  leaving  only  the  aged  and  sickly  to  continue  it.    But  if  this 
is  necessary  in  a  company  that  is  solvent,  a  fortiori  it  is  so  in  one  that 
is  insolvent.    The  primary  object,  moreover,  of  life  insurance  being 
to  make  a  provision  for  the  widow  and  fatherless  children,  it  is  possible 
that  a  company  might  be  so  wound  up  as  to  provide,  through  its 
subscribed  capital,  the  full  value  of  its  liabilities  ;  and,  if  so,  what 
reason  can  there  be  for  allowing  the  liquidation  to  change  the  form  of 
every  contract,  and,  frustrating  the  good  intentions  of  the  assured, 
turn  a  provision  for  his  family  into  a  small  sum  of  ready  money  ? 
Again,  at  the  risk  of  repetition,  it  must  be  observed  that,  when  a  man 
effects  a  life  insurance,  he  seeks  for  a  security  as  much  against  failing 
health  as  sudden  death,  against  uninsurability  for  the  future  as  well 
as  any  immediate  necessity.    There  is  no  reason  why  this  should  be 
lost  sight  of  in  considering  the  case.    The  result  is,  that  the  only 
mode  in  which  the  liquidation  can  with  justice  be  effected,  is,  permitting 
the  liquidators  to  receive  a  proof  in  gross  for  the  policyholders,  as  a 
body,  on  all  their  policies,  and  in  winding  up  the  concern  according 
to  the  tenor  of  the  contracts. 

To  the  original  projectors  of  life  assurance,  as  now  carried  on  in 
England,  a  deficiency  appeared  a  thing  perfectly  possible  and  to  be 
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provided  against.  The  visitation  of  the  plague  in  1665  was  not  so 
distant  but  that  the  founders  of  the  Equitable  Society  in  1765  deemed 
it  necessary  that  it  should  be  the  subject  of  a  special  provision  in  their 
deed  of  settlement,  that  "  if  at  any  time  the  City  of  London  should  be 
"  visited  with  the  plague,  or  any  contagious  sickness,  the  court  of 
"  directors  (if  it  should  appear  to  them  that  the  affairs  of  the  society 
"required  it)  might  reduce  the  payment  of  the  respective  sums  of 
"money  which  should  become  due  by  reason  of  the  deaths  which 
"  should  happen  in  such  time  of  public  calamity,  to  any  sum  not  less 
"  than  one-fourth  part  the  sums  due,  giving  credit  for  the  remainder 
"  in  the  books  of  the  society,  to  be  repaid  with  interest  at  3  per-cent, 
"as  soon  as  the  affairs  of  the  society  would  admit."  Nor  is  this 
provision  a  singular  one ;  in  the  case  of  the  Norwich  Union  Life  Office, 
founded  40  years  later,  it  was  repeated,  and  with  this  addition,  that 
if  at  any  time  after  a  valuation  the  funds  appeared  insufficient  to  j^ro- 
vide  for  the  entire  liabilities  of  the  society,  the  majority  of  members 
present  at  a  general  meeting  might  reduce  the  sums  payable  to  the 
respective  claimants  by  virtue  of  policies  of  assurance. 

In  these  cases  such  provisions  must  be  considered  rather  as  a 
monument  of  the  farseeing  providence  of  our  predecessors,  than  as 
ever  likely  to  be  put  in  force.  But  they  point  out  the  true  mode  of 
administration  of  the  funds  of  companies  of  this  kind  in  case  of  need. 
A  company  under  such  regulations  can  never  be  insolvent  and  need 
never  be  wound  up  by  the  Court  of  Chancery. 

It  is  submitted  that  to  wind  up  an  insolvent  life  office  on  the 
principle  of  a  rateable  reduction  of  claims  and  by  the  application  of 
the  common  fund  according  to  the  tenor  of  the  respective  policies  of 
assurance,  is  the  only  just  mode  of  proceeding,  and  that  which  is 
required  by  the  necessities  of  the  case,  by  the  rights  of  all  parties, 
and  by  broad  principles  of  equity  underlying  the  nature  of  the  institu- 
tion itself.    Let  us  then  see  how  easily  such  a  winding-up  could  be 
effected.     During  the  panic  which  ensues  upon  the  declaration  of 
insolvency  it  would  be  almost  impossible  to  say  what  would  be  the 
position  of  the  company  at  the  expiration  of  two  or  three  years  from 
that  date.    A  very  large  number  of  policies  would  undoubtedly  be 
discontinued,  and  on  their  lapse  the  liability  in  respect  of  them  would 
cease.    The  common  fund  would  not,  on  the  whole,  benefit  from  such 
withdrawals.    In  the  more  recent  policies  the  present  values  of  the 
premiums  to  be  received  would  exceed  the  values  of  the  liabilities  on 
the  sums  assured,  according  to  the  methods  of  valuation  commonly 
in  use  among  insurance  offices ;  and  by  the  withdrawal  of  a  large 
number  of  lives,  of  which  the  majority  would  be  select  lives,  the  rate 
of  mortality  among  the  residue  would  be  injuriously  affected.  Never- 
theless, the  full  effect  of  this  operation  would  be  ascertained  within 
a  comparatively  short  period;  and  the  probability  would  be  that  the 
condition  of  the  office  would  find  its  level  at  the  end  of  three  years, 
after  which  it  would  gradually  improve.    In  the  meantime,  after  the 
suspension  of  the  payment  of  claims,  funds  would  accumulate  in  the 
hands  of  the  liquidators,  and  a  great  diminution  of  expenses  ought  to 
be  immediately  effected. 

The  proper  plan  would  then  be  for  the  liquidators  to  pay  interest 
at  a  low  rate  upon  the  claims  matured  by  death ;  and  so  soon  as  a 
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valuation  could  be  made,  and  which  should  annually  be  repeated,  pay 
interest  according  to  the  estimated  measure  of  the  solvency  of  the 
concern.  Thus,  if  upon  a  valuation  it  appeared  that  the  company 
was  solvent  to  the  extent  of  75  per-cent  of  its  liabilities,  £2.  5s.  per- 
cent, or  three-fourths  of  3  per-cent,  assuming*  3  per-cent  as  the  normal 
rate,  should  be  the  rate  in  use ;  if  at  the  end  of  another  year  it  appeared 
that  the  measure  of  solvenc}*-  was  80  per-cent,  the  annual  interest 
should  rise  to  £2.  Ss.  per-cent ;  and  this  arrangement  should  continue 
during  the  liquidation. 

When  funds  accumulated  in  the  hands  of  the  liquidators,  and  they 
were  advised  that  the}r  might  be  distributed,  claimants,  commencing 
with  those  earliest  in  point  of  date,  should  have  the  option  of  receiving 
payment  of  their  claims  according  to  the  proportion  of  the  sums 
assured  for  which  the  last  valuation  might  have  shown  the  compan}r 
to  be  solvent. 

The  majority  would  be  glad  to  receive  their  money  subject  to  this 
necessary  deduction  ;  but  those  who  were  not  pressed  for  money,  and 
who  had  confidence  in  the  working  of  the  fund,  would  probably  pass 
over  their  turns  to  the  next  claimants.  So  long  as  the  capital  remained 
in  the  hands  of  the  liquidators,  it  would  bear  interest  and  might  be 
made  to  do  so  at  a  higher  rate  than  that  which  the  fund  would  pay  to 
claimants,  so  that  a  benefit  would  accrue  from  the  refusal  to  accept 
what  must  be  acknowledged  to  be  a  composition. 

The  expenses  of  liquidation,  we  repeat,  need  be  but  small.  All 
liability  to  pay  commissions  would  of  course  cease,  since  the  responsi- 
bility in  that  respect  must  belong  to  the  company  which  would  be 
defunct,  or  with  its  animation  at  least  suspended.  An  expensive 
establishment  would  not  be  required,  and  premiums  would  be  paid 
direct  to  the  office  without  deduction.  A  sufficient  staff  of  clerks 
must  be  had,  and  the  expense  of  an  annual  valuation  must  be  borne, 
and  the  costs  of  supervision;  but  after  the  first  expense  of  arrange- 
ment was  incurred,  little  more  than  1  per-cent  on  the  income,  the 
author  imagines,  need  be  expended  in  a  large  company. 

Recent  insurers  in  full  health  and  vigour,  who  could  readily  insure 
elsewhere,  might  object  to  such  a  scheme,  as  by  discontinuing  to  pay 
their  premiums  they  would  forfeit  all  claim  to  a  dividend ;  but  they 
would  only  be  held  to  their  bond  according  to  the  actual  terms  of 
their  policies,  and  the  loss  of  a  dividend  upon  small  surrender  values, 
even  if  it  were  admitted  that  they  were  entitled  to  them,  which  we 
shall  hereafter  see  is  a  question  still  open  for  decision,  would  be  no 
very  great  hardship.  On  the  other  hand,  those  for  whom  life  insur- 
ance is  really  primarily  designed — the  widows  and  children  of  deceased 
insurers — would  not  be  reduced  to  destitution,  as  they  seem  now 
likely  to  be  according  to  the  present  practice.  They  would,  it  is  true, 
receive  a  smaller  income  than  they  had  anticipated,  upon  the  sums 
assured  on  their  behalf,  but  still  a  provision  relatively  commensurate 
with  the  claims  of  their  fellow  sufferers.  The  greater  part  of  those 
sums  assured  they  would  undoubtedly  receive,  and  it  is  by  no  means 
improbable  that  the  office  might  ultimately  work  solvent;  but  for  them, 
at  least,  it  would  be  far  better  that  a  very  considerable  reduction 
should  be  submitted  to,  rather  than  that  the  provision  made  for  them 
should  whollv  fail. 
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Should  the  office  work  round  into  a  solvent  condition,  the  rights 
of  those  persons  who  had  received  less  than  the  sums  assured  by  their 
policies,  would  seem  to  require  consideration,  and  there  would  be  even 
a  remote  possibility  that  the  shareholders  might  receive  back  some 
portion  of  their  subscriptions;  but  it  Avould  probably  be  better,  unless 
the  latter  could  raise  a  sufficient  fund  to  pay  all  claims  in  full  and 
recommence  business,  that  the  account  should  be  closed  by  the  transfer 
of  the  remaining  risks  and  funds  to  some  solvent  company.  For  this 
purpose  large  powers  should  be  vested  in  the  liquidators  during  the 
course  of  the  liquidation,  not  only  when  solvency  was  attained,  but 
at  any  prior  time,  with  the  consent  of  the  majority  of  the  assured, 
and  after  the  exhaustion  of  the  subscribed  capital,  to  transfer  the 
risks  and  funds  to  some  solvent  company  in  consideration  of  the  issue 
by  it  of  policies,  if  necessary  of  reduced  amounts,  to  the  assured. 
In  such  a  case,  equity  would  require  that,  as  between  the  separate 
classes  of  profit  and  non-profit  policies,  the  new  insurances  should  be 
of  the  same  denomination  as  those  for  which  they  were  exchanged. 
It  is,  however,  submitted  that  in  any  such  arrangement  the  share- 
holders should  have  no  voice.  Having  failed  in  their  guarantee,  they 
should  not  be  allowed  to  make  terms  with  the  assured  and  exercise  a 
right  of  veto  as  a  means  of  evading  their  own  responsibilities. 

In  the  case  of  annuitants,  it  will  not  unfrequently  be  found,  that 
they  are,  by  virtue  of  the  deeds  of  settlement  of  insurance  companies, 
entitled  to  a  priority,  in  which  case  they  should  undoubtedly  be  paid 
in  full;  but  if  they  are  not,  they  should  receive  regularly,  during  the 
liquidation,  such  a  proportion  of  their  annuities  as  might  be  indicated 
by  the  estimated  measure  of  solvency  of  the  concern.  We  should  not 
then  hear  of  appeals  to  the  guardians  of  the  poor,  b}^  annuitants 
brought  suddenly  by  the  failure  of  an  insurance  company  from  com- 
parative affluence  to  poverty;  and  it  is  to  be  remembered  that,  in  an 
annuity,  time,  or  punctual  payment,  is  of  the  essence  of  the  contract, 
and  that  a  protracted  delay  would,  in  the  majority  of  cases,  be  a  far 
greater  injury  to  the  annuitants,  even  if  followed  by  payment  in  full, 
than  the  regular  payment  of  a  reduced  annuity. 

For  the  weak,  the  infirm,  the  sickly,  the  poor,  the  unprotected, 
the  widow,  the  fatherless  children,  the  mode  of  winding  up  for  which 
we  argue  would  undoubtedly  be  a  benefit ;  but  unless  they  are  entitled 
to  it  as  a  matter  of  abstract  justice,  it  would  be  worse  than  useless  to 
contend  for  it.  And  here  this  question,  like  so  many  others  connected 
with  insurance,  becomes  a  matter  of  actuarial  calculation.  It  has 
been  pointed  out  already  that,  in  the  case  of  impaired  health  in  an 
insurer,  the  valuation  of  a  policy  would  be  beset  with  very  great 
difficulty.  Another  question  for  solution  would  be  the  mode  in  which 
claims  arising  upon  deaths  happening  during  the  liquidation  should  be 
dealt  with;  but  the  point  now  to  be  considered  is  that  known  to 
actuaries  as  the  controversy  respecting  the  valuation  of  gross  or  net 
premiums.  It  may  be  thus  stated: — Since  an  insurance  office  is 
liable  to  lluctuations  of  mortality,  to  occasional  and  exceptional 
losses,  and  considerable  annual  expenses,  it  is  necessary  to  charge 
premiums  which  shall  be  higher  than  those  which  would  he  required 
if  it  were  certain  that  the  rate  of  mortality  in  the  company,  and  the 
rate  of  interest  obtained  on  investments,  would  exactly  coincide  with 
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the  tables  of  mortality  and  interest  selected  for  the  valuations,  and 
that  there  would  be  no  expenses  or  losses.    This  is  generally  arranged 
by  making  an  addition  to  the  scale  of  premiums  assumed  as  likely 
to  be  sufficient  without  expenses,  either  in  the  shape  of  a  rateable 
percentage  or  a  rateable  percentage  and  a  fixed  addition,  or  by  assuming 
a  higher  rate  of  mortality  and  lower  rate  of  interest  than  are  likely 
to  occur  in  practice.     From  this  addition,  technically  termed  the 
loading,  the  payment  of  commissions,  expenses,  and  bonuses,  is  j)ro- 
vided.    This  loading,  except  in  relation  to  the  rate  of  mortality  and 
interest  adopted  in  a  valuation,  has,  however,  no  existence  except  in 
the  mind  of  the  actuary.    It  is  his  ^uide  for  determining  what  reserve 
should  be  made  before  a  surplus  is  declared  :  and  he  rightly  judges 
that,  previous  to  a  distribution,  the  whole  of  the  value  of  the  loadings 
on  all  the  policies  should  be  reserved,  as  otherwise  he  anticipates 
profits,  which  should  be  esteemed  to  belong  to  the  future,  and  which 
on  lapsed  policies  may  not  be  received.    The  necessity  for  such  a 
r  serration  is  especially  proved  by  observing  that,  without  it,  a  com- 
pany cannot  justly  invite  new  insurers  to  join  it.  charging  them 
according  to  its  published  scale  of  premiums,  of  which  on  its  existing 
policies  an  undue -proportion  has  been  lost  or  expended.    This  is  a 
question  of  equity,  as  between  the  office  and  the  public,  and  of  sound 
insurance  finance  ;  but  it  lies  wholly  beside  the  insurance  contract  as 
contained  in  the  policy.    The  reservation  is  made  either  by  striking 
off  from  one-fifth  to  one-quarter  of  the  premiums  before  valuation,  or 
by  setting  aside  a  reserve  equivalent  to  the  computed  value  of  such 
deductions.    The  result  is  the  same  by  each  method.    As  regards  the 
individual  policy  holder,  however,  the  value  of  his  policy  must  depend 
upon  this  mode  of  valuation.    If  the  full  premium  is  valued,  it  will 
be  some  years  before  his  policy  attains  a  surrender  value,  it  will  even 
have  a  negative  value  in  so  far  as  the  present  value  of  his  premium — 
increased  (say)  one-fifth  beyond  the  assumed  necessity  of  the  case — - 
exceeds  the  present  value  of  the  sum  assured,  the  difference  going  to 
swell  the  reserve,  or  safety  and  profit-giving  fund  of  the  company. 
The  question  then,  on  the  tender  of  proof  by  the  policyholder  of 
recent  date,  will  be,  in  what  way  his  policy  is  to  be  valued.    Can  lie 
assume  that  the  premium  upon  his  policy  is  of  a  smaller  amount  than 
the  policy  declares?    Is  he  entitled,  on  an  insolvency,  to  assume  that 
the  office  has  on  hand  the  full  value  of  those  loadings  which  were 
added  to  provide  for  contingencies  which  have  occurred?    Can  he 
import  this  question  into  his  contract,  and  say,  i;  The  office  would 
u  have  required  a  higher  premium  at  my  present  age  than  was  charged 
"  me  some  time  ago,  and  I  therefore  claim  to  prove  for  the  value  of 
"  the  difference  between  those  two  charges "?    Does  not  this  last 
argument,  the  most  specious  that  can  be  brought  forward,  assume  a 
reason  for  fixing  a  value,  which  may  be,  and  in  fact  is,  wholly  incorrect  ? 
He  argues  that  because  the  company's  prospectus  asks  a  premium  of 
say  £1 .  10s.  to  insure  £100  at  49,  therefore  at  that  age,  £100  payable 
at  death  is  worth  an  annual  premium  of  £1.  10s.  paid  in  advance, 
which  cannot  be  proved  to  be  true.    On  the  contrary,  the  mortality 
tables  show  it  to  be  worth  much  less  money.    If,  however,  the  policy 
is  to  be  valued,  like  every  other  contingent  property,  for  what  it  is 
actually  worth,  then  a  very  large  proportion  of  the  policies  become 
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valueless,  and  the  entire  reserve  and  assets  of  the  company  are  devoted 
to  the  older  insurers.  This  question  is  of  extreme  importance,  as,  if 
decided  against  the  more  recent  insurers,  it  removes  the  principal 
difficulty  in  the  way  of  the  mode  of  winding  up  which  we  propose, 
for  there  is  then  no  large  class  to  contend  with  whose  interests  lie  in 
the  opposite  direction.  There  can  be  little,  if  any,  doubt  but  that 
this  must  be  the  legal  decision,  as  may  be  deduced  from  the  recent 
case  of  the  petition  to  wind  up  the  European  Insurance  Company,  in 
which  the  Court  declined  to  follow  the  view  of  the  actuaries,  whose 
arguments  were  based  on  this  j)rinciple  of  net  valuation.  The  actuary 
of  the  company  had  admitted  that  the  loading  had  not  been  reserved  ; 
and,  passing  by  the  question  in  its  theoretical  form,  the  Vice- Chancellor 
remarked,  "  It  did  appear  to  me  for  a  long  time  that  it  would  be 
"  necessary  to  add  to  the  liabilities  that  further  sum  which  the  com- 
"  pany's  actuary  in  his  cross-examination  stated  would  have  to  be 
"  added  to  them  if  the  expenses  were  included,  which  seems  to  have 
"  reached  in  the  past  year  £70,000,  a  very  large  amount,  which  I  am 
"  told  is  likely  to  be  diminished.  During  a  considerable  part  of  the 
"  hearing,  I  was  much  impressed  with  that  view ;  but  I  do  not  think 
"  it  is  a  sound  one.  If  the  company  were  content  to  say,  '  We 
"  '  are  willing  to  go  on  with  our  existing  contracts  only,  rather  than 
"  '  incur  the  expense  of  agents,  offices,  and  the  like  ;  we  are  content  to 
"  '  receive  the  premiums  upon  our  existing  policies,  and  to  apply  them 
"  '  in  payments  of  our  liabilities'  ;  if  they  are  minded  to  take  that 
"  course,  and  not  to  be  competitors  with  other  offices  for  fresh  insur- 
"  ances,  I  do  not  know  why  they  need  take  £70,000  a  year  for 
"  expenses,  or  even  incur  any  large  proportion  of  that  sum."  And 
again,  "If  I  were  to  take  upon  myself  to  appoint  a  manager  as 
"  receiver  of  the  premiums  due  from  the  policyholders,  all  the  policy  - 
"  holders  would  have  to  pay  their  money — for  that  is  the  contract — 
"  without  putting  the  company  to  any  further  expense.  Therefore  I 
"  do  not  think  that  there  is  that  inaccuracy  in  the  estimate  of  the 
"  liabilities  which  was  at  first  pressed  upon  me ;  and  I  cannot  add  to 
"  it  that  three  quarters  of  a  million,  or  any  great  portion  of  it,  in 
"  testing  the  question  of  solvency." 

The  mode  of  winding  up  now  contended  for,  seems  then  the  only 
way  in  which  the  rights  of  the  amalgamated  policyholders  can  be 
preserved  against  their  insurers,  and  it  admits  of  a  careful  and  accurate 
measurement  of  their  respective  liabilities.  At  the  root  of  every 
liquidation,  however  effected,  lies  the  question  of  the  mode  of  valuation 
— that  is,  of  the  rates  of  interest  and  mortality  to  be  adopted  in 
estimating  the  contingent  claims  on  immature  insurances.  This  must 
be  determined  by  the  Court,  with  such  actuarial  assistance  as  it  may 
think  fit  to  summon  to  its  aid.  While,  as  a  rule,  in  the  common 
course  of  winding  up  a  joint-stock  company,  it  is  necessary  that 
proof  of  claims  should  be  made  by  the  creditors'  solicitors,  in  a  com- 
pany where  the  claims  were  so  numerous  as  in  a  large  insurance  office, 
the  first  step  would  be  to  call  forth  an  army  of  attorneys,  many 
thousands  in  number,  each  armed  with  his  bill  of  costs  to  charge  the 
unfortunate  concern.  To  incur  such  an  expenditure  would  of  course 
be,  in  a  measure,  unnecessary  ;  as  no  formal  proof  can  be  required  when 
the  books  of  the  company  correctly  show  the  liabilities  and  the 
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creditors  are  to  be  found  in  the  policy  register ;  but  it  is  to  be 
remembered  that  policies  of  assurance  as  soon  as  granted  may  be  the 
subject  of  settlement  or  mortgage  by  assignment  or  deposit,  of  which 
the  company  may  have  notice,  but  no  proof,  so  that  costs  of  this  kind 
must  be  incurred,  however  desirous  the  liquidators  may  be  to  spare 
the  assets. 

Another  great  advantage  in  our  scheme  would  be  found  in  the 
ease  and  licence  in  the  payment  of  calls  which  it  would  allow  to  the 
contributors.  The  money  to  be  called  up  would  be  required  as  active 
interest-bearing  capital  at  once,  but  its  immediate  payment  would 
not  necessarily  be  immediately  required;  hence  time  might  be  given 
and  securities  taken,  which,  in  an  ordinary  winding-up  could  not  be 
accepted,  to  the  great  benefit  both  of  creditors  and  contributors. 


The  following  is  the  paper  contributed  to  the  Spectator : — 

How  to  Wind  up  a  Life  Insurance  Company. 

[From  the  Spectator,  of  New  York  and  Chicago.] 

That  a  life  insurance  company  ought  never  to  fail  is  an  admitted 
truth.  The  scientific  basis  of  the  business  is  the  most  nearly  perfect 
of  human  contrivances ;  and  if  the  practical  organization  and  manage- 
ment of  it  were  as  good,  the  familiar  old  saying  that  there  is  nothing 
in  the  commercial  world  which  approaches  a  good  life  company  in 
security,  would  be  within  bounds.  But  the  theory  of  the  business  is 
not  always  equalled  by  the  practice ;  and  it  once  in  a  while  happens 
that  a  life  insurance  company  has  to  be  wound  up.  How  can  this 
best  be  doner 

Several  ways  have  been  tried.  Reinsurance,  in  whole  or  in  part, 
in  some  other  company ;  the  distribution  of  the  funds  under  the  super- 
vision of  a  court;  and  the  transfer  of  the  trust  to  a  state  officer  for  dis- 
tribution ;  have  been  the  favorite  plans.  None  of  them  has  succeeded. 
That  is  to  say,  each  of  them  has  resulted  in  great  waste,  loss,  distrust, 
and  general  sense  of  wrong  among  the  insured.  The  fact  is,  that 
when  a  large  fund,  hitherto  held  and  managed  for  a  definite  purpose, 
is  diverted  from  that  purpose,  and  suddenly  thrown  into  new  hands, 
all  parties  concerned  are  stimulated  to  embrace  the  last  chance  of 
obtaining  something  from  the  wreck;  the  ordinary  restraints  of  habit 
and  business  principles  are  mainly  removed;  and  the  situation  strongly 
resembles  a  general  scramble  for  the  spoils.  As  long  as  human  nature 
is  unchanged,  this  result  is  probable.  If  any  satisfactory  way  of 
administering  upon  a  defunct  insurance  company  is  devised,  it  must 
be  by  avoiding  such  a  shock,  and  maintaining  the  continuity  of  the 
trust  and  of  the  business  habits  and  principles  which  control  it. 

This  consideration  points  to  the  simple  and  obvious  rule,  the  only 
one  which  has  never  been  tried  in  this  business,  and  the  only  one  which 
could  ever  have  been  thought  of,  had  common  sense  controlled  the 
matter;  when  a  life  company  can  no  longer  meet  the  legal  standard 
of  strength,  and  must  stop  issuing  policies,  let  it  at  once  cut  off  all 
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the  agencies,  offices,  and  salaries,  and  other  expenses  which  are  not 
essential  to  the  single  purpose  of  caring  for  its  investments  and  keeping 
its  accounts;  thus  reducing  its  outlay  at  once  to  the  lowest  possible 
figures;  and  let  it  continue  to  pay  death  claims  as  long  as  its  money 
holds  out.  The  one  thing  which  the  law  will  have  to  provide  is  a  new 
administration, — for  certainly  that  which  has  wrecked  the  business  ought 
not  to  continue  in  charge  of  it ;  and  this  can  best  be  done  through  the 
State  superintendent.  If  the  law  can  be  made  so  clear  and  definite  in 
all  points,  as  to  enable  him  to  assume  and  administer  the  trust  in 
the  cheapest  way,  without  expensive  litigation  or  delay,  the  result  is 
sure  to  be  far  more  just  and  satisfactory  than  any  other  method  of 
"  winding-up"  ever  tried. 

It  is  easy  to  see  what  the  result  would  be.  Every  policyholder, 
having  full  notice  of  the  situation,  would  have  his  choice  to  continue 
payment  of  premiums  or  to  forfeit  his  policy.  In  general,  those  who 
have  little  at  stake  in  the  company,  having  paid  but  few  premiums, 
and  being  still  insurable  elsewhere,  would  drop  out ;  and  a  rapid 
reduction  of  the  estimated  liabilities  would  take  place.  Experience 
shows  that  in  almost  every  such  case  this  reduction  would  be  sufficient 
to  restore  even  the  technical  solvency  of  the  company,  if  administered 
with  economy.  But  as  the  sick,  impaired,  and  dying  would  remain, 
the  average  vitality  of  the  company  could  not  be  so  good  as  in  a 
living  institution;  and  its  prestige  being  gone,  it  would  be  folly  to 
begin  new  business  again.  Let  the  claims  continue  to  be  paid  as  they 
arise,  and  there  would  be  little  danger  in  ordinary  cases  but  the  last 
policyholder  would  have  funds  enough  to  pay  his  policy.  The  recu- 
perative power  of  an  association  of  this  kind,  from  the  loadings  on 
premiums  and  the  rapid  accumulations  of  excess  of  interest,  is  so  vast, 
that  only  an  honest  and  careful  application  of  surplus,  as  it  is  acquired, 
is  needed  to  carry  it  successfully  to  the  end. 

In  the  worst  case  that  can  be  supposed,  the  fund  could  but  fall 
short  of  paying  all  the  claims.  It  would  pay  until  a  few  of  the  long- 
lived  ones  are  left.  As  it  should  become  obvious  that  these  could  not 
rely  on  their  insurance,  those  which  need  it  least  would  drop  off.  A 
full,  plain  statement  of  the  condition  of  the  fund,  from  time  to  time, 
would  enable  the  policyholders  to  judge  for  themselves  as  to  their  own 
interests;  and  a  steady  process  of  natural  selection  would  go  on, 
leaving  in  the  company  at  last  only  those  whose  claims  it  in  the  end 
could  satisfy.  That  there  might  be  a  few  cases  of  hardship  and  wrong 
is  true ;  but  the  evil  would  certainly  be  insignificant,  as  compared  with 
that  which  results  from  the  wholesale  waste,  not  to  say  the  general 
plunder,  that  has  sometimes  been  practised. 

The  principle  we  advocate  is  applicable  not  only  to  companies 
which  are  compelled  to  suspend  business,  but  to  others  which,  for  any 
reason,  may  believe  that  they  have  fulfilled  their  mission.  Let  any 
life  insurance  company,  however  strong,  resolve  itself  into  a  trust  for 
the  benefit  of  its  existing  members,  and  the  science  of  the  business 
affords  a  clear  and  complete  way  of  winding  up  its  work  in  equity. 
Paying  its  death  claims  as  they  fall  due;  accumulating  its  funds  from 
year  to  year;  declaring  each  year  a  dividend  of  its  surplus,  cither 
in  increased  insurance  or  in  remittance  of  premiums  to  the  holders  of 
policies;  it  will  be  certain,  at  the  end  of  the  best  life  of  its  existing 


1877.] 


On  the  Causes  of  Insolvency,  fyc. 


291 


membership,  to  pay  off  its  last  obligation  in  full,  and  will  be  transferred 
to  an  immortality  of  honour  on  the  pages  of  commercial  history.  The 
immense  reduction  of  expenses  which  such  a  change  in  the  form  of  its 
business  would  permit,  would  result  in  accumulations  of  profits,  which 
cannot  be  accurately  estimated  beforehand,  but  which  would  certainly 
far  transcend  all  known  precedents.  And  one  instance  of  such  a  mag- 
nificent completeness  in  the  fulfilment  of  so  great  a  financial  trust, 
would  prove  an  impressive  demonstration  of  the  truth  and  practical 
value  of  the  science  of  life  insurance,  and  would  far  outweigh  all  the 
distrust  and  apprehension  which  failure  has  ever  brought  upon  it. 


On  this  the  editor  remarks : — 

A  contributed  paper,  written  by  one  of  the  most  careful  thinkers 
on  the  subject  of  life  insurance,  in  this  Number  of  the  Spectator, 
suggests  a  method  of  treating  impaired  life  insurance  companies,  which 
is  obviously  superior  to  some  of  the  methods  hitherto  employed. 

Its  simplicity,  and  the  entire  absence  of  opportunity  for  the  kind 
of  deception  and  fraud  usually  committed  by  those  who  manipulate 
the  assets  of  insolvent  companies,  are  its  most  striking  merits,  and  are 
certainly  merits  of  a  high  order. 

But  we  see  a  serious  objection  to  the  method  suggested.  As  the 
writer  substantially  admits,  it  is  quite  possible  the  funds  might  "  fall 
short  of  paying  all  the  claims",  and  this  would  result  in  giving  to 
some,  those  who  died  early,  the  full  amount  of  their  claims,  while 
others,  those  who  were  long-lived,  would  get  nothing,  though  they 
had  paid  much  more  than  their  fellows.  Clearly,  a  method  which 
subjects  any  of  the  policyholders  to  this  risk,  is  not  without  serious 
fault ;  and  we  do  not  see  how  such  a  method  could  be  defended  from 
the  point  of  view  of  equity. 

But  we  publish  this  paper,  as  we  shall  be  glad  to  publish  others  on 
the  same  subject,  as  it  is  a  question  on  which  light  is  now  needed,  and 
which  should  be  freely  discussed  at  this  time,  as  there  is  likely  to  be 
urgent  need  of  having  all  obtainable  information  and  the  best  practical 
suggestions  relating  to  it  before  the  end  of  the  present  winter. 


In  connection  with  this  subject,  we  think  it  will  be  useful  to 
reprint  the  paper  read  by  Mr.  Sprague  at  the  Belfast  Meeting 
(1874)  of  the  British  Association,  Section  F  (Economic  Science 
and  Statistics). 

On  the  Causes  of  Insolvency  in  Life  Insurance  Companies}  and 
the  best  means  of  detecting,  exposing,  and  preventing  it.  By 
T.  B.  Sprague,  Esq.,  M.A.,  Barrister-at-Law,  and  a  Vice- 
President  of  the  Institute  of  Actuaries. 

If,  a  few  years  ago,  a  paper  had  been  offcrd  to  the  British 
Association  on  the  subject  ov  the  insolvency  of  life  insurance 
companies,  it  woud  probably  hav  been  met  with  the  objection  that 
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it  was  ov  too  theoretical  a  character.  No  life  insurance  company 
in  the  contry  had  ever  been  knoen  to  becom  insolvent,  and  ther 
was  no  reason  to  anticipate  that  such  a  catastrofy  woud  ever  occur. 
The  well  knoen  remark  ov  the  late  Prof.  De  Morgan  miht  probably 
liav  been  quoted,  that  ther  is  nothing  at  all  comparabl  in  point  ov 
security  with  a  well  establisht  and  prudently  conducted  life  insur- 
ance company.  It  was  certainly  within  the  range  of  possibility 
that  a  life  insurance  company  miht  becom  insolvent,  and  be  unabl 
to  meet  its  liabilities ;  but  the  contingency  was  so  improbabl  that 
its  discussion  coud  be  ov  very  litl  interest  and  ov  no  possibl 
practical  use.  The  events  ov  recent  years,  and,  in  particular,  the 
notorios  failures  ov  the  Albert  and  European,  hav  shoen  that  the 
contingency  in  question  is  not  so  improbabl  as  was  supposed,  and 
that  companies  transacting  a  large  business,  and  establisht  for 
many  years,  may  becom  insolvent.  It  will  therefore  not  be 
without  interest  to  review  the  circumstances  connected  with  those 
failures,  and  trace  the  causes  ov  insolvency. 

The  possibl  causes  ov  insolvency  in  life  insurance  companies  ar 
ov  varios  kinds ;  but  it  will  suffice  to  mention  the  four  folloing  as 
the  principal  ones. 

1st.  The  company  may  charge  insufficient  premiums.  In  this 
case,  insolvency  is  as  certain  to  occur,  as  in  the  case  ov  a  tradesman 
who  sells  his  goods  habitually  under  cost  price.  But  in  practis  all 
British  companies  charge  adequat  premiums,  and  nothing  more 
need  be  said  under  this  hed. 

2nd.  The  office  may  conduct  its  business  reklessly,  insuring  a 
large  number  ov  damaged  lives  at  the  ordinary  rate,  in  which  case 
the  claims  ar  certain  to  be  much  abov  the  expectation,  and  bank- 
ruptcy must  arrive  sooner  or  later.  This  may  hav  contributed  to 
recent  failures,  but  only  in  a  small  degree. 

3rd.  Losses  may  be  incurd  thro'  injudicios  investments.  The 
same  remark  applies  to  this,  as  to  the  last  cans. 

4th.  The  expenses  ov  conducting  the  business  may  be  exccssiv, 
and  quite  out  of  proportion  to  the  profits.  This  last  has  been  the 
real  and  efficient  caus  ov  the  insolvencies  that  hav  occurd. 

I  cannot  attemt  on  the  present  occasion  to  examin  what  amount 
ov  expenditure  constitutes  extravagance.  This  must  depend  on  a 
variety  ov  circumstances  : — the  magnitude  ov  the  premiums  charged 
by  the  company,  the  rate  ov  interest  it  realizes  on  its  investments, 
and  the  amount  ov  the  new  business  transacted  ;— and  to  quote  any 
figurs  without  stating  the  qualifications  under  which  they  ar  to  be 
accepted,  woud  be  wors  than  useless,  and  might  be  mischivoBj 
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becaus  misleading.  It  requires  an  actuary's  special  knolege  and 
experience,  to  say  what  constitutes  extravagance  in  any  particular 
case ;  but  when  it  exists,  and  is  persisted  in  long  enuf,  ruin  is  only 
a  question  ov  time.  The  case  is  very  similar  to  that  ov  a  trades- 
man, who  has  a  good  business,  but  habitually  spends  considerably 
more  than  the  total  profits  ov  the  business.  Such  a  man  is  certain 
to  find  his  way  sooner  or  later  into  the  Bankruptcy  Court.  If, 
however,  he  is  careful  to  keep  up  his  credit  with  his  bankers  and 
other  crediters,  it  may  be  many  years  before  his  career  is  cut  short. 
Similarly  with  a  life  office ;  it  may  be  hopelessly  insolvent  for 
years  before  it  is  compel d  to  close  its  doors.  Its  receits  ar  all 
immediate  but  its  liabilities  ar  mostly  future ;  and,  from  the  nature 
ov  the  business,  it  is  easy  for  a  life  office  to  present  to  a  superficial 
observer,  the  appearance  ov  prosperity,  while  it  is  actually  insolvent 
and  its  position  is  yearly  becoming  more  desperat.  The  incom 
may  increas  for  a  series  ov  years  ;  the  invested  assets  may  also 
increas  ;  but,  if  the  business  is  extravagantly  managed,  the  liabili- 
ties will  increas  still  faster,  and  the  deficiency  gro  in  a  geometrical 
ratio. 

This  peculiarity  ov  life  insurance  business  is  well  seen  in  the 
case  ov  the  amalgamations,  which  a  few  years  ago  wer  so  common. 
By  the  union  ov  two  companies,  a  larger  company  was  formd,  with 
increast  incom  and  assets ;  and  the  rate  ov  expenditure  in  the  new 
company  was  perhaps  less  than  in  either  ov  the  original  ones. 
Here  we  seem  to  hav  all  the  elements  ov  a  mutually  advantageos 
transaction;  but  it  too  often  happend  that  each  ov  the  original 
companies  was  really  insolvent  at  the  time,  and  that  the  deficiency 
was  increast  by  the  payment  ov  a  large  fee  to  the  person  who 
negotiated  the  amalgamation. 

How  then  can  insolvency  in  a  life  office  be  detected  ?  In  the 
case  of  the  Albert,  the  business  was  carryd  on  until  the  company 
had  not  sufficient  funds  availabl  to  pay  its  current  claims ;  and 
then  one  morning  the  astounding  and  wholly  unprecedented 
intelligence  was  received,  that  the  company  had  stopt  payment. 
It  had  been  suspected  for  years  by  som  well  informd  persons,  that 
the  company  was  insolvent,  but  no  proof  coud  be  given  ov  the 
fact.  The  company  had  never  publisht  full  accounts  ov  its  receits 
and  expenditure,  but  had  selected  for  publication  a  few  only  ov  the 
figurs;  in  particular,  those  relating  to  the  large  new  business 
transacted,  carefully  suppressing  all  reference  to  the  very  large 
expenditure  at  which  that  business  was  obtaind.  In  the  session 
ov  Parliment  folloing  the  stoppage  ov  the  Albert,  ther  was  past 
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the  very  useful  Act  calld  "The  Life  Assurance  Companies  Act, 
1870",  which  requires  all  life  offices  to  publish  detaild  accounts  in 
a  prescribed  form.  It  then  became  impossibl  for  companies  to 
conceal  the  facts  relating  to  their  real  position ;  and  one  ov  the 
first  results  ov  the  passing  ov  the  Act  was  the  winding-up  ov  the 
European  Insurance  Company  by  order  ov  the  Court  ov  Chancery, 
the  company  being  proovd  insolvent,  altho  it  had  not,  like  the 
Albert,  been  unabl  to  pay  the  current  claims.  Having  now  com- 
plete and  detaild  accounts  ov  the  receits  and  expenditure  ov  all 
companies,  we  ar  abl  in  all  cases  to  ascertain  the  rate  ov  expenditure; 
and  when  we  see  a  company  for  a  long  series  ov  years  indulging  in 
excessiv  expenditure,  this  is  sufficient  to  create  suspicion  as  to  its 
state.  It  dos  not  in  itself  amount  to  proof ;  but  in  addition  to  the 
rate  ov  expenditure  the  returns  under  the  Act  giv  us  much  further 
information  respecting  the  financial  position  ov  the  life  insurance 
companies. 

Under  the  present  state  ov  the  law,  it  is  possible  for  a  company 
to  pursue  a  cours  of  rekless  and  fraudulent  extravagance,  expend- 
ing the  money  that  shoud  be  carefully  invested  to  provide  for  its 
future  liabilities,  until  it  becoms  insolvent  beyond  all  hope  ov 
recovery.  The  parlimentary  returns  enabl  skilld  persons,  conver- 
sant with  figurs,  and  in  particular  those  conversant  with  life 
insurance  business,  to  draw  their  own  conclusions ;  but  the  general 
public,  including  most  intelligent  and  educated  men,  ar  unabl  to 
detect  insolvency  in  this  way.  Can  then  any  means  be  suggested 
by  which  the  knolege  ov  the  skilld  actuary  may  be  made  availabl 
to  warn  the  general  public  ?  It  must  be  borne  in  mind  that  the 
insolvency  ov  a  company  cannot  be  proovd  like  a  mathematical 
proposition,  and  that  altho  a  company  may  now  be  insolvent,  it  is 
possibl  that  if  it  has  a  very  large  accession  of  new  business,  it  may 
recover  itself. 

It  is  easy  for  an  actuary,  when  furnisht  with  certain  particulars 
ov  the  insurances,  to  advize  a  company  as  to  the  amount  ov  assets 
it  is  prudent  to  set  aside  to  meet  the  liabilities  under  those  policies; 
but  even  on  this  point  actuaries  will  differ  in  opinion,  and  they 
woud  probably  differ  still  more  if  askt  to  giv  their  opinions  as  to 
the  smallest  amount  ov  assets  consistent  with  solvency  in  any 
particular  case.  Perhaps  the  test  that  woud  be  most  generally 
accepted  as  conelusiv  proof  ov  insolvency,  is  the  folloing.  It 
appears  from  the  returns  alreddy  mentiond  that  it  is  a  common 
practis  for  companies,  when  striking  a  balance,  to  take  credit  for 
the  policies  recently  issued,  as  assets,  insted  ov  treating  them  as 
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liabilities.  This  is  the  same  sort  ov  error  as  a  tradesman  woud 
commit,  if,  in  making  up  his  balance-sheet,  he  wer  to  take  credit 
for  the  profit  he  hopes  to  make  in  future  years  from  his  regular 
customers.  Ther  can  be  no  doubt  that  all  such  assets  shoud  be 
struk  out  ov  the  balance-sheet,  both  in  the  case  ov  the  trader,  and 
ov  the  company.  The  principl  I  woud  lay  down  then  is  that  if, 
when  all  such  assets  are  struk  out  ov  the  account,  the  remaining 
assets  ar  less  than  the  liabilities,  the  company  is  insolvent.  The 
returns  under  the  Act  do  not  at  present  enabl  us  to  ascertain  to 
what  extent  policies  ar  taken  credit  for  as  assets  in  any  particular 
account,  and  it  is  therefore  at  present  impossibl  to  apply  this  test 
ov  solvency  without  having  further  information  than  the  parli- 
mcntary  returns  giv.  It  appears,  therefore,  that  for  the  effectual 
detection  ov  insolvency  in  doutful  cases,  legislation  is  required. 
The  Act  shoud  be  amended,  so  as  to  require  all  companies  to  make 
a  separat  return  ov  the  policies  which  ar  reckond  as  assets  in  their 
balance-sheets.  If  this  wer  don,  actuaries  woud  be  abl  to  speak 
with  confidence  as  to  the  position  ov  companies  respecting  which 
they  ar  at  present  in  dout. 

It  is  clearly  to  the  advantage  ov  the  public,  that  insolvent  life 
offices  shoud  be  exposed.  If  things  ar  calld  by  their  riht  names, 
such  offices  ar  obtaining  money  under  fals  pretenses ;  for  they 
receiv  premiums  in  consideration  ov  a  promis  to  pay  certain  sums 
at  a  future  time,  the  greater  part  of  which  they  will  not  be  abl  to 
pay.  Shoud  then  the  task  of  exposing  such  companies  be  left  as 
at  present  to  privat  interest  and  personal  motivs?  or  shoud  it  be 
entrusted  to  a  public  department  ?  The  inconvenience  ov  the 
present  state  ov  things,  is  that  any  person  who,  having  satisfied 
himself  ov  the  insolvency  ov  a  company,  shoud  be  led  by  public 
spirit  or  other  motivs  to  attemt  to  expose  it,  woud  be  liabl  to  an 
action  for  libel,  which  woud  probably  ruin  him.  The  Times 
newspaper,  having  proclaim d  the  insolvency  of  the  European  life 
office,  had  an  action  for  libel  bro't  agenst  it,  and  was  forst  to 
apologize,  besides  paying  the  company's  costs.  It  was  subsequently 
proovd  that  the  company  was  at  the  time  hopelessly  insolvent.  On 
the  other  hand,  ther  ar  objections  to  giving  a  public  department 
authority  to  interfere  at  their  discretion  with  the  management  ov 
trading  companies,  and  it  woud  be  difficult  to  lay  down  by  Act  ov 
Parliment  a  definit  rule  to  gide  their  action.  Perhaps  the  difficulty 
miht  be  best  met  by  authorizing  a  public  department — say  the 
Board  ov  Trade — upon  the  application  ov  any  person  interested 
and  upon  a  prima  facie  case  being  made  out  by  the  applicant,  to 
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hold  an  inquiry  with  closed  doors;  and  if  they  find  insolvency 
proovd,  to  report  the  result  to  Parliment — ov  course  requiring  the 
applicant  to  pay  the  costs  ov  the  investigation,  if  the  company 
establisht  its  solvency. 

While  it  is  desirabl  that  insolvent  companies  shoud  be  exposed, 
and  their  operations  stopt,  it  woud  be  even  more  desirabl  to  prevent, 
if  practicably  such  mismanagement  as  will  lead  to  insolvency  in 
the  future.    It  is  however  ov  cours  out  ov  the  question  to  attemt 
to  regulate  by  Act  ov  Parliment  the  rate  ov  expenditure  at  which 
a  company  shall  conduct  its  business;  and  it  is  contrary  to  the 
spirit  ov  British  legislation  to  interfere  in  any  way  with  the  internal 
management  of  trading  companies.    In  the  United  States  much 
more  is  don  in  this  way  than  woud  be  tolerated  in  this  contry. 
The  law  there  even  prescribes  the  particular  kinds  ov  securities  in 
which  the  funds  ov  the  life  offices  shall  be  invested.    Each  company 
is  required  to  make  returns  ov  its  liabilities,  ov  a  much  more 
minute  character  than  is  required  here;  and  a  reserv  ov  not  less 
than  a  fixt  amount,  must  be  made  by  a  company  for  its  liabilities 
under  each  policy  it  has  issued.    Ther  is  in  each  ov  the  States  a 
public  official,  whose  duty  it  is  to  see  that  the  provisions  of  the 
law  ar  complied  with;  and  if  he  finds  that  any  company's  assets 
fall  short  ov  the  legal  standard,  he  is  authorized  (or  rather  bound) 
to  put  the  law  in  action  agenst  it,  and  hav  it  wound  up.  This 
law  certainly  has  the  effect  ov  preventing  the  scandals  in  America, 
which  we  hav  seen  in  England*;  but  it  may  be  douted  whether 
this  advantage  is  not  too  dearly  purchast.    The  effect  ov  subjecting 
any  business  to  such  minute  regulations,  is  to  impede  its  natural 
helthy  development;  and  it  is  better  to  leav  the  details  ov  the 
business  to  be  settld  by  the  parties  interested.     This  was  the 
principl  ov  the  excellent  Act  past  in  1870.    The  companies  wer 
left  at  full  liberty  to  manage  their  affairs  as  they  tho't  best;  but 
the  secrecy  that  formerly  attacht  to  the  proceedings  ov  so  many, 
good  and  bad  alike,  is  now  effectually  dispeld.    Tho  companies 
ar  not  yet  compeld  to  make  a  proper  reserv  for  their  liabilities,  yet, 
if  they  make  an  insufficient  reserv,  they  can  no  longer  conceal  the 
fact.    The  public  ar  thus  enabld  to  judge  ov  the  solvency  ov  the 
company  they  have  trusted,  and  to  understand  the  full  meaning 
and  value  ov  the  contracts  they  hav  enter d  into  with  it.  This 
principl,  it  appears  to  me,  may  with  advantage  be  carry d  a  step 
further.    Let  each  company  be  required  before  issuing  any  policy 

*  This  was  written  in  1874.    Subsequent  events  have  caufld  the  statement  in 
the  text  to  be  no  longer  true. 
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to  state  the  principls  on  which  its  reserv  is  calculated,  and  let  it 
be  a  part  ov  the  contract  that  the  reserv  for  each  policy  issued  shall 
never  be  less  than  a  certain  specified  amount.  This  woud  enabl 
intending  insurers  to  discover  beforehand  the  nature  ov  the  security 
offerd  them;  and  woud  probably  do  more  than  anything  els  to 
prevent  future  insolvencies. 


Postscript. 

At  the  present  time  the  Life  Assurance  Companies  Act 
requires  each  company  to  describe  the  principls  upon  which  its 
valuation  is  made,  the  tabl  or  tabls  ov  mortality  used  in  the 
valuation,  and  the  rate  or  rates  ov  interest  asumed;  also  the 
proportion  ov  the  annual  premium  incom  (if  any)  reservd  as  a 
provision  for  future  expenses  and  profits.  It  woud  be  stil  more 
satisfactory  if  the  companies  wer  also  required  to  sho  how  these 
principls  ar  aplied  in  particular  cases ;  in  other  words,  if  they  wer 
required  to  state  distinctly  what  amount  of  reserv  is  made  for 
varios  specimen  policies.  This  miht  be  very  reddily  don.  The 
companies  ar  now  required  to  giv  specimens  of  bonuses  alotted  to 
policies  for  £100,  efected  at  the  respectiv  ages  20,  30,  40,  50, 
and  having  been  in  force  for  5  years,  10  years,  and  upwards,  at 
intervals  ov  5  years  respectivly.  If,  in  the  same  way,  each  com- 
pany wer  required  to  state  the  reserv  that  its  method  ov  valuation 
makes  for  policies  taken  out  at  the  several  ages  of  20,  30,  40,  50, 
60,  after  they  hav  been  in  force  for  1,  2,  3,  4,  5,  &c,  years,  the 
information  woud  be  ov  very  great  use  by  shoing  in  what  cases 
policies  hav  been  taken  credit  for  as  assets.  At  present,  in  conse- 
quence ov  the  common  adoption  ov  the  method  ov  classifying 
together  policies  ov  all  durations  on  the  lives  ov  persons  ov  the 
same  present  age,  the  fact  ov  the  method  ov  valuation  giving  rise 
to  negativ  values  in  many  cases,  is  offen  conceald ;  and  I  think  it 
not  unlikely  that  the  oficials  of  som  companies  miht  be  greatly 
surprised  to  lern  that  the  rules  of  valuation  they  hav  been  pur- 
suing with  trustful  confidence,  lead  to  a  result  which  they  woud 
be  the  first  to  repudiate  when  it  was  plainly  put  before  them. 

The  additional  return  sugested  abov  is  in  complete  acordance 
with  the  principls  ov  the  Life  Assurance  Companies  Act,  inasmuch 
as  it  woud  stil  leav  the  companies  at  liberty  to  value  their  liabili- 
ties as  they  tho't  best,  and  woud  only  require  them  to  sho  by 
exampl,  as  well  as  verbal  description,  the  method  they  hav  actually 
adopted. 


VOL.  xx. 
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Married  Women's  Property  Act. — Form  of  Procedure  in 
appointing  Trustee  thereunder. 

HE  following  order  of  the  Chancery  Division  of  the  High 
Court  of  Justice,,  appointing  a  Trustee  to  receive  payment  of  the 
sum  assured  by  a  policy  effected  under  the  Married  Women's 
Property  Act,  will  probably  interest  many  of  our  readers.  The 
Act  provides  that  a  Trustee  may  be  appointed  by  the  Court  of 
Chancery  or  by  the  judge  of  the  County  Court  of  the  district  in 
which  the  insurance  office  is  situated;  and  in  the  present  case  it 
was  thought  better  for  certain  reasons  to  apply  to  the  Court  of 
Chancery  rather  than  to  the  County  Court  Judge. 

In  another  case  which  has  come  under  our  notice,  the  applica- 
tion was  made  to  the  judge  in  chambers — a  less  expensive  process 
— and  a  similar  order  made.  It  must  be  admitted,  however,  that 
in  either  method  of  procedure  the  necessary  expense  attending  the 
application  will  press  heavily  upon  the  claimants  when  the  sum 
assured  is  very  small.  In  order  to  avoid  this  expense,  a  clause  is 
inserted  in  the  policies  of  some  offices,  constituting  the  executors 
of  the  will  trustees  of  the  policy.  When  this  is  done,  if  the  assured 
leave  a  will  which  is  proved  in  the  ordinary  way,  the  policy  moneys 
will  be  paid  over  without  any  expense  being  incurred ;  and  even  in 
the  case,  which  sometimes  happens,  of  the  assured  leaving  a  will 
but  no  property  which  would  render  it  necessary  to  prove  the  will, 
the  expense  of  obtaining  probate  would  probably  be  a  good  deal 
less  than  that  of  getting  a  trustee  appointed. 

It  may  perhaps  be  open  to  question  whether  the  office  obtains 
a  completely  effectual  discharge  on  paying  to  the  executors  as 
above,  or  whether  it  is  under  any  obligation  to  see  to  the  application 
of  the  policy  moneys.  The  trusts  to  which  the  policy  moneys  are 
subject  are  specified  in  the  policy  itself ;  in  fact,  the  policy  is  the 
original  document  constituting  the  trust  and  expressing  its  terms. 
It  seems,  therefore,  that  it  should  be  retained  by  the  trustees  for 
their  guidance  in  administering  the  trust ;  but  it  is  usual,  when  a 
claim  is  paid,  for  the  policy  to  be  given  up  to  the  office,  and  we 
are  informed  that  this  has  been  done,  as  usual,  in  the  case  of 
several  claims  that  have  been  paid  in  respect  of  policies  issued 
under  the  Act.  It  has  been  further  suggested  to  us  as  probable 
that  the  executors,  having  thus  parted  with  the  policy  and  received 
the  policy  moneys,  have  allowed  these  to  fall  into  the  general 
estate  of  the  assured;  and  the  question  arises  whether,  in  such 
a  case,  the  office  would  not  be  liable  to  make  good  the  loss  that  a 
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cestui  que  trust  might  thereby  sustain.  This  is  only  one  of  many 
curious  and  interesting  points  that  arise  in  the  working  of  the  Act ; 
and  we  shall  be  glad  at  all  times  to  receive  contributions  on  the 
subject  from  those  of  our  readers  who  may  have  actual  experience 
in  the  matter. — Ed.  J.  I.  A. 


In  the  High  Court  of  Justice 
Chancery  Division. 

 day  the  day  of 

 _1876. 

Vice  Chancellor  ,  

In  the  matter  of  the  trusts  of  the  sum  secured  by  a  Policy  of 
Assurance  in  the  X.  Life  Assurance  Society  on  the  life  of 
A.  B.  deceased 

And  In  the  Matter  of  the  Married  Women's  Property  Act 
1870 

And  In  the  Matter  of  the  Trustee  Act  1850  and  of  the  Act 
15th  and  lGth  Victoria  Chapter  85  intituled  An  Act  to 
extend  the  provisions  of  the  Trustee  Act  1850 

Upon  the  Petition  of  J.  B.  Widow  A.  B.  M.  B.  and  C.  B.  Infants 

by  the  said  J.  B.  their  mother  and  next  friend  on  the  of 

 __..1876  preferred  unto  this  Court  and  upon  hearing  Counsel 

for  the  Petitioners  and  for  the  said  X.  Life  Assurance  Society  and 
upon  reading  the  said  Petition  the  following  Affidavits  all  filed  the 

 of  1876  that  is  to  say  an  affidavit  of  the  Petitioner 

J.  B.  and  the  Exhibits  Nos.  1  and  3  therein  referred  to  the  said 
Exhibit  numbered  one  being  the  Policy  of  Assurance  in  the  Petition 
mentioned  an  Affidavit  of  C.  D.  an  Affidavit  of  E.  F.  and  an  Affidavit 
of  B.  B.  whereby  the  said  B.  B.  expresses  his  willingness  to  become 
Trustee  as  hereinafter  mentioned 

This  Count  doth  appoint  the  said  B.  B.  of  in  the  County 

of  Trustee  of  the  sum  secured  by  the  Policy  of  Assurance 

dated  the         _^of  1871  effected  pursuant  to  the  Married 

Women's  Property  Act  1870  with  the  above  mentioned  X.  Life 
Assurance  Society  on  the  life  of  A.  B.  the  husband  of  the  Petitioner 
J.  B.  and  expressed  to  be  made  for  the  benefit  of  the  wife  of  the  said 
A.  B  for  her  separate  use  and  of  the  children  born  and  to  be  born  of 
the  marriage  between  them  in  such  shares  and  proportions  on  such 
conditions  and  in  such  manner  as  the  said  A.  B.  might  by  any  will 
or  deed  appoint 

And  it  is  ordered  that  it  be  referred  to  the  Taxing  Master  to  tax 
the  costs  of  the  Petitioners  of  this  application  as  between  Solicitor 
and  Client  and  that  such  Trustee  be  at  liberty  to  pay  such  Costs  out 
of  the  sum  to  be  received  by  him  in  respect  of  such  Policy. 
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CORRESPONDENCE. 


ON  THE  DETERMINATION  OF  AN  AVERAGE  LIFE  OFFICE. 

To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sir,-— I  was  unavoidably  absent  from  the  reading  of  the  second 
part  of  Mr.  Sutton's  paper  at  the  Institute  in  April  last,  and  thus 
lost  the  pleasure  of  hearing  it  and  the  interesting  discussion  which 
followed  it.  Had  I  been  present,  I  should  probably  have  taken  part 
in  the  discussion,  as  I  have  lately  given  some  attention  to  the  subjects 
of  which  Mr.  Sutton  treated ;  but  having  been  precluded  from  doing 
so,  I  trust  you  will  now  afford  me  the  opportunity  of  making  a  few 
remarks. 

The  aim  of  Mr.  Sutton  appears  to  have  been  to  prepare  a  hypo- 
thetical company,  which  might  fairly  represent  an  average  office  for 
purposes  of  valuation ;  and  he  has  endeavoured  to  reach  it  in  several 
distinct  ways. 

1st.  By  considering  the  lives  existing  at  the  close  of  the  HM  obser- 
vations ;  see  Table  1  of  his  paper. 

2nd.  By  summarizing  the  Board  of  Trade  returns  of  19  com- 
panies ;  see  Table  5. 

3rd.  By  dividing  the  Board  of  Trade  Returns  into  the  two  classes, 
A  and  B,  described  in  his  paper,  and  examining  each  class  separately ; 
see  Table  11. 

4th.  By  investigating  the  mortality  experience  of  the  Scottish 
offices  to  31  Dec.  1863 ;  see  Tables  12  and  13. 

It  will  be  observed  that  in  all  the  four  processes  only  the  amounts 
remaining  assured,  or  the  policies  existing  at  a  given  date,  are  taken 
into  account :  that  is,  the  course  which  has  been  followed  is  analogous 
to  forming  a  mortality  table  from  an  enumeration  of  the  people  living 
in  a  fluctuating  population,  without  taking  note  of  the  deaths  as  well. 
The  results  are  various  hypothetical  offices,  which  fairly  represent  each 
the  average  position  of  the  group  of  companies  from  which  it  was 
formed  at  the  date  the  observations  closed.  They  show  us  the  average 
condition  of  the  respective  groups,  as  regards  age  and  flow  of  new 
business  during  the  past,  as  well  as  in  every  other  respect.  But,  from 
the  nature  of  the  method  on  which  they  have  been  constructed,  it 
seems  to  me  impossible  to  make  experiments  with  them  for  companies 
of  different  ages,  because  the  age  of  a  company  has  a  greater  effect  on 
the  proportionate  amounts  assured  at  various  periods  of  life  than 
probably  any  other  circumstance  whatever ;  but  of  this  fact  Mr. 
Sutton  has  not  made  mention.  Very  likely,  when  Mr.  Sutton's  paper 
is  concluded,  we  shall  see  that  an  average  office  such  as  he  has  suggested 
is  perfectly  adapted  to  his  purpose :  but  for  the  object  I  had  in  view 
in  my  late  paper,  it  would  have  been  quite  unsuitable.  I  wanted  to 
illustrate  the  valuations  of  an  average  office,  not  of  average  age,  but 
of  a  variety  of  definite  ages ;  and  although  at  first  I  thought  of 
making  use  of  the  numbers  "existing"  in  the  Mortality  Experience, 
as  Mr.  Sutton  has  done,  I  soon  discovered  the  idea  to  be  unworkable, 
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and  was  compelled  to  prepare  mortality  tables  for  policies,  by  cal- 
culating the  ratios  at  each  age  for  each  age  at  entry  of  the 
"  exposed  to  risk  "  and  "  terminated  ". 

All  the  average  offices  constructed  by  Mr.  Sutton  represent  com- 
panies of  average  age  which  have  reached  their  present  position  by 
average  rate  of  increase  of  new  business.  Both  Mr.  Manly's  hypo- 
thetical company  and  that  suggested  by  myself  can  be  made  to  repre- 
sent, on  the  other  hand,  a  company  of  any  age  that  may  be  named, 
which  from  the  beginning  has  transacted  yearly  a  uniform  amount  of 
new  business ;  and  in  Table  W  of  my  paper  I  further  introduced  a 
means  whereby  correction  can  be  made  for  fluctuations  in  the  rate  of 
influx  of  policies.  My  "model  office",  therefore,  can  be  used  at  will 
to  illustrate  a  company  of  any  assigned  age  which  has  grown  to  its 
present  position  at  any  assigned  rate  or  rates  of  progress. 

The  following  table,  No.  1,  shows  the  effect  exercised  by  the  age 
of  an  office,  doing  a  uniform  annual  amount  of  new  business,  on  the 
proportion  at  risk  at  various  present  ages.  It  has  been  formed  by 
summarizing  Table  S,  "  Model  office  "  of  my  paper,  and  taking  at 
various  stages  of  the  history  of  the  company  the  percentages  of 
assurances  existing  in  each  quinquennial  period  of  life  to  the  total 
assurances  existing  at  all  ages. 

Table  1. 


Showing  the  Proportions,  in  Companies  of  Various  Ages,  at  risk  at 
various  Present  Ages,  on  the  assumption  that  the  Total  Amount 
at  risk  is  100. 


Present 

Age  of  Office,  in  Years. 

Present 

Age  of 

Age  of 

Lives. 

19 

24 

29 

34 

39 

44 

49 

54 

64 

74 

Lives. 

20  to  24 

218 

1-88 

1-70 

1-58 

1-50 

1-45 

1-41 

1-40 

1-40 



1-39 

20  to  21 

25  „  29 

7-37 

6-38 

5-74 

5-33 

5-06 

4-88 

4-78 

4-73 

4-69 

4-69 

25  „  29 

30  „  34 

12-80 

11-08 

9-98 

9-26 

8'79 

8-48 

8-31 

8-21 

8-15 

8-15 

30  „  34 

35  „  39 

16-75 

14-50 

13-07 

1213 

11-51 

11-11 

10-88 

10-75 

1067 

10-67 

35  „  39 

40  44 

17-93 

16-30 

14-69 

1364 

12-94 

12-50 

12-23 

12-08 

12-00 

11-99 

40  „  44 

45  „  49 

15-57 

16-06 

15-10 

14-01 

13-30 

12-84 

12-56 

12-42 

12-33 

12-32 

45  „  49 

50  „  54 

11-56 

13*25 

1401 

13-53 

12-84 

12-40 

12-13 

11-99 

11-91 

11-90 

50  „  54 

55  „  59 

7-58 

9-35 

10-93 

11-80 

11-65 

11-26 

1101 

10-88 

10-81 

10-80 

55  „  59 

60  „  64 

4-54 

5-85 

737 

8-77 

965 

9-71 

9-50 

9-39 

9-32 

9-32 

60  „  61  i 

65  „  69 

2-41 

3-23 

4-28 

5-52 

6-68 

7-50 

765 

7-56 

7-51 

7-51 

65  „  69 

70  „  74 

•96 

1-46 

205 

2-84 

3-76 

4-68 

5-36 

5-53 

5-49 

5-49 

70  „  74 

75  „  79 

•29 

•51 

•80 

115 

1-65 

2*23 

2-85 

3-31 

3-44 

3-44 

75  „  79 

80  „  81 

•06 

13 

•23 

•36 

•53 

•76 

1-04 

1-35 

1-65 

1*65 

80  „  84 

85  &  over 

•02 

•05 

•08 

•14 

•20 

•29 

•40 

•63 

•68 

85  &  over 

The  figures  are  sufficiently  striking  to  make  it  worth  while  to 
ascertain  the  average  ages  of  the  companies  in  Mr.  Sutton's  Classes 
A  and  B,  so  that  we  may  more  easily  judge  with  which  columns  his 
several  average  companies  should  be  compared.  Assuming  that,  taken 
one  with  another,  companies  are  founded  in  the  middle  of  the  year 
of  their  establishment,  the  average  age  of  the  offices  in  Glass  A  on 
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31  Dec.  1863 — the  date  to  which  the  returns  of  the  20  companies  to 
the  Institute  were  made  up — was  34  years:  and  that  of  the  offices 
in  Class  B,  40*7  years  :*  while  the  average  age  of  the  20  companies 
taken  together  was  37*3  years.  It  is  probably  a  fair  assumption  to 
make  that  on  the  average  10  years  elapsed  from  31  Dec.  1863  to  the 
dates  of  the  valuations  from  which  Mr.  Sutton's  tables  on  Board  of 
Trade  data  were  constructed;  so  that  at  the  date  of  those  valuations, 
the  offices  in  Class  A  would  be  ou  the  average  44  years  old,  those  in 
Class  B  50*7  years,  and  all  the  offices  combined  47'3  years.  These  are 
the  average  ages  of  the  companies  themselves,  but  not  of  their  business. 
It  is  evident  that  if  the  annual  amount  of  new  business  transacted 
by  a  company  be  progressively  increasing,  then  the  character  of  its 
existing  business  corresponds  to  that  of  a  younger  company  whose 
new  business  has  been  stationary ;  and  that  the  greater  the  rate  of 
increase,  the  more  markedly  is  this  effect  produced.  Taken  in  the 
aggregate,  the  20  companies  have,  no  doubt,  I  think,  been  decidedly 
developing,  but  it  is  difficult  to  say  to  what  extent  the  development 
practically  reduces  their  average  age.  I  do  not  attempt  to  estimate 
the  amount  of  reduction,  but  merely  point  out  that  it  unquestionably 
exists,  and  probably  to  an  important  extent. 

In  his  Table  3,  Mr.  Sutton  compares  the  position  of  the  20  com- 
panies, in  regard  to  the  proportions  at  risk  at  present  ages,  as  at 
31  Dec.  1863,  and  at  the  date  of  their  first  valuations  deposited  with 
the  Board  of  Trade  about  10  years  later:  and  he  seemingly  attributes 
the  discrepancies  principally  to  a  tendency  of  the  average  sum  assured 
to  increase  with  the  age  at  entry.  A  glance  at  the  above  table  shows 
that  he  has  omitted  a  material  circumstance  which  tells  in  the  same 
direction,  in  ignoring  the  10  years  that  elapsed  between  the  two 
returns.  Also  his  comparison  in  Table  11  of  Classes  A  and  B  would 
seem  to  be  similarly  vitiated,  but  not  quite  to  the  same  degree;  for, 
as  above  shown,  there  is  a  difference  of  nearly  7  years  in  the  average 
ages  of  the  offices  in  the  two  classes ; — a  difference,  too,  that  must  have 
been  exaggerated  by  the  comparative  rates  of  the  flow  of  new  business. 
Anyone  inspecting  the  list  of  offices  in  each  class  must  observe  that 
the  offices  in  Class  A  are  those  which,  taken  collectively,  have  grown 
rapidly ;  while  the  offices  in  Class  B  have  been  in  the  aggregate  in 
this  respect  less  progressive.  For  an  illustration  of  this  fact  we  need 
not  go  beyond  Mr.  Sutton's  Table  8.  The  figures  there  displayed 
show  that  at  the  first  valuation  after  the  Act  of  1870  came  into 
operation,  the  companies  in  Class  A  had  each  on  the  average 
£6,518,470  of  assurances  existing,  while  those  in  Class  B  had  each 
only  £3,441,063:  and  that,  although  the  offices  in  Class  B  were  on 
the  average  6*7  years  older  than  those  in  Class  A. 

From  the  above  considerations,  it  is  evident  that  the  comparisons 
Mr.  Sutton  has  instituted  between  the  average  offices  he  devised  and 
those  of  Mr.  Manly  and  myself,  are  likewise  untrustworthy.  He  has 
taken,  for  instance,  my  "  model  office  "  at  its  full  age,  75  years,  and 
placed  it  alongside  of  hypothetical  companies,  whose  ages,  it  will  be 
perceived,  should  be  taken  at  not  more,  but  rather  considerably  less, 

#  The  age  of  the  London  Assurance  Corporation  is  not  taken  at  1 13  years, 
but  at  only  75  years,  which  is  bhe  age  at  which  the  business  becomes  stationary 
of  a  company  transacting  a  uniform  amount  annually. 


1877.] 


Corresp  o  ndence . 


303 


than  47,  44,  51  and  37  years  respectively.  The  consequence  of  his 
method  of  procedure  has  been  to  exaggerate  the  comparative  amounts 
assured  at  the  old  ages  in  Mr.  Manly's  office  and  mine,  at  the  expense 
of  the  young  ages ;  and  although  he  alleges,  and  probably  with 
reason,  that  the  amounts  at  the  young  ages  in  my  office  are  too  large, 
he  thus  makes  them  appear  too  small.  Turning  to  his  Table  No.  15, 
it  will  be  seen  that,  even  after  he  has  made  corrections  for  the  small 
amount  of  policies  taken  out  at  young  ages,  the  amounts  of  assurances 
existing  in  his  average  office  formed  from  the  HM  experience,  are  at 
the  young  ages  larger  and  at  the  old  ages  smaller  than  the  corres- 
ponding amounts  in  my  model  office  when  it  is  taken  as  75  years 
old.  This  result  is  exactly  what,  on  the  theoretical  grounds  above 
indicated,  might  have  been  anticipated.  Mr.  Sutton  promises,  on  a 
future  occasion,  to  examine  the  figures  more  closely,  with  a  view  to 
considering  in  detail  the  causes  of  the  variations.  I  trust  he  will  see 
his  way  to  include  in  the  investigation  the  effect  of  the  age  of  an 
office  on  the  sums  remaining  assured  at  the  different  periods  of  life. 

In  Table  13,  Mr.  Sutton  has  given  a  valuable  statement  of  the 
proportions  of  sums  assured  effected  at  various  ages  in  the  Scotch 
Life  Offices  Mortality  Experience  for  the  year  ending  31  Dec.  1863. 
It  is  very  interesting  to  observe  how  little  these  proportions  vary  in 
different  offices  and  at  different  times.  My  model  office  was  formed 
from  the  mortality  experience  of  twenty  companies,  English  and 
Scotch,  not  for  one  year,  but  during  the  whole  of  their  duration. 
It  takes  account  of  the  numbers  of  the  policies,  and  not  of  the 
amounts  assured ;  but  yet  the  percentages  given  in  the  following 
statement  are  remarkably  close  to  those  supplied  by  Mr.  Sutton. 
The  variations  displayed  would  not  exercise  any  appreciable  effect  on 
the  comparative  valuations  of  an  average  company  by  different  tables. 

Table  No.  2/ 
Showing  Proportions  of  Sums  Assured  at  Various  Ages. 


Ages  at 
Entry. 

Scotch  Offices, 
by 

Mr.  Sutton.* 

20  Offices,  as 
shown  in  my 
Model  Office. 

20-24 

7-47 

6-97 

25-29 

17*05 

1776 

30-34 

19-33 

21-04 

35-39 

19-34 

18-41 

40-44 

14-68 

13-81 

45-49 

10-77 

9-45 

50-54 

5-89 

623 

55-59 

320 

3-51 

60-64 

1-74 

1-97 

65-69 

•53 

•85 

#  The  figures  in  this  column  are  borrowed  from  Mr.  Sutton's  Table  No.  13. 
There  appears  to  be  a  discrepancy  between  his  Tables  Nos.  13  and  16.  The 
column  in  the  latter  table  headed  "  Scotch  Life  Office  Mortality  Experience  for 
year  ending  31  Dec.  1863,"  would  seem  from  the  former  table  to  relate  to 
assurances  existing  at  the  end  of  1863,  and  not  to  those  effected  in  that  year. 

Mr.  Sutton  is  no  doubt  right  in  bis  conclusion  that  the  average 
amount  of  assurance  effected  on  each  life,  increases  with  the  age  of 
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the  entrants ;  but  I  think  he  has  possibly  given  to  the  increase  too 
high  a  ratio ;  at  least,  the  above  Table  (No.  2)  would  seem  to  teach 
us  so.  His  figures  relate  to  sums  assured;  mine  to  policies;  yet  the 
differences  are  not  great.  Had  I  known  where  to  find  data  to  work 
upon,  I  should  probably  have  taken  account  of  the  unequal  amounts 
of  the  policies  at  different  ages  at  entry  in  constructing  my  "model 
office"  ;  and  it  may  be  worth  while  to  point  out  that,  by  reducing  the 
proportionate  amounts  of  assurances  effected  at  the  younger  ages,  we 
should  have  increased  the  already  large  reserves  demanded  by  the 
"Analyzed  Mortality  Tables",  in  comparison  with  those  required  by 
each  of  the  other  mortality  tables  included  in  Table  V  of  my  paper. 

I  remain, 

Yours  obediently, 
London,  June  1877.  GEORGE  KING. 
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PROCEEDINGS  OF  THE  INSTITUTE. — Session  1876-7 
First  Ordinary  Meeting,  Monday,  27  November  1876. 
The  President  (Mr.  J.  Hill  Williams),  in  the  Chair. 
The  following  gentlemen  were  elected : — 

Associates. 


Alfred  Carter. 

St.  John  Cottinghain. 

Henry  William  Des  Voeux. 

Harry  Reginald  Harding. 

Samuel  Johnson. 

Alexander  George  Mackenzie. 


John  Corbet  McBride. 

Frederick  Piper. 

Thomas  James  Pound. 

William  John  Price. 

Thomas  Pringle. 

Charles  Herbert  Edmund  Rea. 


Mr.  J.  M.  Templeton  then  read  a  paper  "  On  Mutual  Life  Assurance ;  its 
Aims  and  Objects,  and  the  Means  of  attaining  them." 

The  following  gentlemen  took  part  in  the  discussion  which  followed : — 
The  President,  Messrs.  Baden,  Bailey,  Macfadyen,  Manly,  Ambrose  Smith, 
and  Walford. 

Second  Ordinary  Meeting,  18  December  1876. 

The  President  "(Mr.  J.  Hill  Williams),  in  the  Chair. 
The  following  gentlemen  were  elected : — 

Fellows. 

Charles  James  Lucas.  David  Hutchinson  MacGregor. 

David  Johannes  Anthony  Samot. 

Associates. 

Eric  Mackay  Carter.  John  Lighten. 

Henry  Robertson  Cockburn.  Henry  John  Lockwood. 

James  Graham.  Andrew  Robinson. 

George  Trevelyan  James.  Edmund  H.  Wells. 

Mr.  G.  W.  Berridge  read  a  paper  by  Mr.  T.  B.  Sprague  "On  the  Premiums 
for  the  Insurance  of  Recently  Selected  Lives." 

The  following  gentlemen,  viz.,  Messrs.  Bailey.  Berridge,  George  Kin  ;. 
Sutton,  Walford,  and  Woolhousc,  took  part  in  the  discussion  which  followed. 
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Third  Ordinary  Meeting,  29  January  1877. 
The  President  (Mr.  J.  Hill  Williams),  in  the  Chair. 
The  following-  gentleman  was  elected  an  Associate : — 

W.  H.  Spiller. 

The  following  was  announced  as  the  result  of  the  Examinations  for 
1876  :— 

First  Year's  Examination. 
Twenty-four  gentlemen  presented  themselves  for  this  Examination,  two 
retired,  and  three  passed,  in  the  following  order  of  merit : — 

1. — E.  Wilding. 
^    (  A.  Eobinson. 
I  H.  J.  Eothery. 

Second  Year's  Examination. 
Eight  gentlemen  presented  themselves  for  this  Examination,  and  four 
passed,  as  follows  : — 

1.  — a.  F.  Hardv. 

2.  — J.  Blakey. 

3.  — E.  C.  Sayce. 

4.  — C.  J.  Harvey. 

Third  Year's  Examination. 
Five  gentlemen  presented  themselves  for  this  examination.    One  passed, 
namely  : — 

J.  Sorley. 

Mr.  C.  D.  Higham  then  read  a  paper  "  On  the  True  Measure  of  the  Death 
Strain  on  the  Funds  of  a  Life  Assurance  Society." 

The  following  gentlemen  took  part  in  the  discussion  which  followed : — 
The  President,  Messrs.  E.  P.  Hardy,  Justican,  Macfadyen,  A.  Smith,  and 
Walford  ;  also  the  Hon.  S.  H.  Washburne,  a  visitor. 


Fourth  Ordinary  Meeting,  26  February  1877. 
The  President  (Mr.  J.  Hill  Williams),  in  the  Chair. 
The  following  gentlemen  were  elected  Associates  of  the  Institute : — 
Thomas  Lidbetter.  David  Strang. 

Wilfrid  Walter  White. 

Mr.  W.  Sutton  then  read  a  paper  entitled  "A  Comparison  of  various 
Methods  of  Graduation  of  a,  Mortality  Table  considered  in  reference  to  the 
Valuation  of  the  Liability  of  an  Average  Life  Office  under  its  Assurance 
Contracts." 

In  the  discussion  which  followed,  the  President,  Messrs.  Bailey,  Berridge, 
Finlaison,  P.  Gray,  Hardy,  Lazarus,  and  Walford,  took  part. 

Fifth  Ordinary  Meeting,  26  March  1877. 
The  President  (Mr.  J.  Hill  Williams),  in  the  Chair. 
The  following  gentleman  was  elected  an  Associate  of  the  Institute : — 
Joseph  Wallis  Bartlett. 

Mr.  George  King  then  read  a  paper  "  On  the  Mortality  amongst  Assured 
Lives,  and  the  requisite  Eeserves  of  Life  Offices.    Part  II.  Financial." 

The  following  gentlemen  took  part  in  the  discussion  which  followed : — 
The  President,  Messrs.  Bailey,  Berridge,  Gordon,  Manly,  Sutton,  Walford, 
and  the  Hon.  S.  H.  Washburne,  of  Boston,  U.S.A.,  a  visitor. 
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Sixth  Ordinary  Meeting,  30  April  1877. 
The  President  (Mr.  J.  Hill  Williams),  in  the  Chair. 
The  following  gentlemen  were  elected  Associates  of  the  Institute : — 
Henry  Graham  Russell.  James  Francis  Adolphus  Salin. 

Mr.  Sutton  read  Part  II.  of  a  paper  entitled  "A  Comparison  of  various 
Methods  of  Graduation  of  a  Mortality  Table  considered  in  reference  to  the 
Valuation  of  the  Liability  of  an  Average  Life  Office  under  its  Assurance 
Contracts."  The  second  part  was  entitled  "  The  Determination  of  an  Average 
Life  Office." 

The  following  gentlemen  took  part  in  the  discussion  which  followed : — 
The  President,  Messrs.  Bailey,  Beriidge,  Hardy,  Macfadyen,  Manly,  and 
Walford. 


The  Twenty-Eighth  Annual  General  Meeting,  Saturday,  2  June  1877. 

The  President  (Mr.  J.  Hill  Williams),  in  the  Chair. 

Mr.  R.  P.  Hardy  (Hon.  Secretary)  read  the  notice  convening  the  meeting, 
the  minutes  of  the  last  ordinary  meeting,  and  the  Report  of  the  Council  and 
Statement  of  Accounts,  which  were  as  follows : — 

"  The  Council,  in  meeting  the  members  of  the  Institute  at  the  close  of 
its  twenty-eighth  session,  have  to  report  an  accession  of  thirty  new  members, 
of  whom  three  have  been  elected  Fellows.  The  total  number  on  the  31st 
March,  1877,  was  351,  as  against  338  last  year. 

"  The  income  of  the  year  from  all  sources  has  been  £785.  12s.  Id.,  and 
the  expenditure  £593.  Is.  9d.,  and  the  aggregate  funds  now  amount  to 
£2,504.  lis.  6d.,  showing  an  increase  of  £192.  10s.  lOd.  in  the  year. 

"  The  Council  have  made  arrangements  for  a  continuance  of  the  classes 
for  students  of  the  subjects  for  the  first  and  second  year  examinations.  The 
former  under  the  superintendence  of  Mr.  C.  H.  W.  Biggs  (who  has  been 
appointed  assistant  secretary  in  the  place  of  Mr.  G.  R.  Dick,  resigned) ;  and 
the  latter  under  the  care  of  Mr.  Geo.  King,  a  Fellow  of  the  Institute. 

"  The  following  papers  were  read  at  the  ordinary  meetings  : 

"First — Mr.  J.  M.  Templeton.    ' On  Mutual  Assurance;  its  Aims 

and  Objects,  and  the  Means  of  attaining  them/ 
"  Second — Mr.  T.  B.  Sprague.    '  On  the  Premiums  for  the  Insurance 

of  Recently  Selected  Lives.' 
"  Third — Mr.  C.  D.  Higham.    '  On  the  True  Measure  of  the  Death 

Strain  on  the  funds  of  a  Life  Assurance  Society. ' 
"  Fourth — Mr.  Wm.  Sutton.    'A  Comparison  of  Various  Methods  of 

Graduation  of  a  Mortality  Table  considered  in  reference  to  the 

Valuation  of  the  Liabilities  of  an  Average  Life  Office  under  its 

Assurance  Contracts.    Part  L' 
"  Fifth — Mr.  Geo.  King.    1  On  the  Mortality  amongst  Assured  Lives, 

and  the  requisite  Reserves  of  Life  Offices.    Part  II.  Financial.' 
"Sixth — Mr.  William  Sutton.    'A  Comparison,  <fcc.    Part  II.  On 

the  Determination  of  an  Average  Life  Office.' 

"  The  Council  have  to  record  their  sense  of  the  value  of  these  papers  as 
contributions  to  professional  knowledge. 

"  The  continued  accumulation  of  the  funds  has  for  some  time  past  engaged 
the  earnest  consideration  of  the  Council,  and  they  are  now  of  opinion  that 
the  time  has  arrived  when  a  portion  of  these  funds  might  be  advantageously 
devoted  to  some  further  permanent  work  that  would  promote  those  general 
professional  interests  that  the  Institute  has  ever  sought  to  advance. 

"  Amongst  several  schemes  that  have  been  suggested,  there  appears  to 
the  Council  none  so  especially  worthy  of  support  as  the  compilation  of  a  new 
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and  complete  text  book  upon  the  doctrine  of  life  contingencies  and  its  allied 
subjects. 

"  The  want  of  a  homogeneous  treatise,  adapted  to  those  modern  and 
improved  methods  which  will  be  found  recorded  in  the  transactions  of  the 
Institute  and  in  the  pages  of  the  Journal,  has  been  severely  felt  by  students, 
whose  industry  and  perseverance  in  gathering  their  materials  from  such 
widely  dispersed  sources  cannot  be  too  highly  praised.  The  Council  have, 
therefore,  the  pleasure  to  announce  that  they  have  arranged  for  the  production 
of  such  a  complete  text  book  as  they  believe  will  fully  meet  the  admitted 
want  of  the  increasing  body  of  students,  and  at  the  same  time  further 
the  general  interests  of  the  profession,  by  bringing  together  a  selection  of 
the  most  approved  methods  of  treating  the  many  practical  questions  that 
modern  developments  have  brought  within  the  reach  of  actuarial  science. 
They  have  only  to  add  that  the  work  will  be  entrusted  to  the  general 
editorship  of  Mr.  Sutton,  under  the  superintendence  of  a  committee  of  the 
Council ;  and  that,  as  some  progress  has  already  been  made,  it  is  hoped  that 
a  portion  will  be  in  the  printer's  hands  shortly. 

"  The  very  useful  card  of  four-figure  logs,  prepared  by  the  late  Professor 
De  Morgan,  having  been  for  some  time  out  of  print,  the  Council  have 
reprinted  it,  with  some  improvements  in  the  arrangement,  and  a  copy  will 
be  sent  to  every  member  of  the  Institute,  and  further  copies  can  be  had  at 
the  room,  at  the  price  of  Is.  each." 

The  adoption  of  the  Report,  and  of  the  accounts  for  the  year,  having 
been  proposed  by  the  President  and  seconded  by  Mr.  A.  Day,  was  agreed  to 
unanimously. 

The  following  list  of  President,  Vice-Presidents,  Council,  and  Officers, 
for  the  ensuing  year,  as  recommended  by  the  Council,  was  unanimously 
confirmed : — 

President. 
J.  Hill  Williams. 

Vice-Presidents. 

Edwd.  Algeenon  Newton,M.A. 
T.  B.  Speague,  M.A. 

Cowicil. 

William  Baewick  Hodge. 
Geoege  Humpheeys,  M.A. 


Andeew  Baden. 
Aethue  H.  Bailey. 


Maecus  N.  Adlee,  M.A. 
Andeew  Baden. 
Aethue  H.  Bailey. 
Geoege  William  Beeeidge. 
Thomas  G.  C.  Beowne. 
Chaeles  John  Bunyon,  M.A. 
Feank  Allan  Cuetls. 
Geoege  Cutcliefe. 
Aechibald  Day. 
Alexandee  John  Finlaison. 
John  Ralph  Geimes. 
Major-Gen.  J.  C.  Hannyngton 
Ralph  Peice  Haedy. 
Stewaet  Heldee. 
Augustus  Hendeiks. 


Heney  William  Manly. 

William  Heney  Newman. 

Edwaed  A.  Newton,  M.A. 

Aethue  Peaeson. 

Heney  William  Poetee.  B.A. 

Heney  Ambeose  Smith. 

Thomas  Bond  Speague,  M.A. 

John  Stott. 
*  William  Sutton,  B.A. 
#Spencee  Campbell  Thomson, 

James  Valentine. 

John  Hill  Williams. 
^Thomas  Emley  Young,  M.A. 


*  Those  marked  with  an  asterisk  are  new  members. 
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Geoege  Cutcliffe. 
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On  certain  Methods  of  Valuation.    By  W.  T.  Gray,  A.I. A.  of 
the  General  Reversionary  and  Investment  Company. 

ThE  proper  method  of  estimating  the  liabilities  of  an  office  under 
its  policies,  is  a  question  of  so  much  importance  that  numerous  essays 
on  the  subject  have  at  various  times  been  contributed  to  the  pages 
of  the  Journalhy  some  of  the  most  eminent  members  of  the  Institute, 
whilst  Mr.  Manly,  in  his  Messenger  Prize  Essay,  and  Mr.  Valentine 
in  his  extension  of  the  same,  and  more  recently  Mr.  Geo.  King,  in 
his  paper  in  vol.  xx  of  the  Journal,  have  furnished  us  with  valuable 
information  as  to  the  financial  results  arrived  at  by  the  employment 
of  different  data  in  valuations.  The  subject  has  been  so  extensively 
treated  in  these  papers,  that  I  should  not  have  ventured  to  refer  to 
it  again,  but  for  the  employment  recently  in  some  quarters  of  a 
method  of  valuation  producing  certain  anomalies  hitherto  but  little 
noticed  in  the  pages  of  the  Journal,  and  I  therefore  beg  to  submit 
for  the  consideration  of  its  readers  the  results  of  an  investigation 
showing  the  effects  of  the  use  of  that  method  on  the  reserves  and 
profits  of  an  office.  The  method  I  desire  to  draw  attention  to  is 
that  advocated  by  Mr.  Templeton  in  his  paper  read  before  the 
Institute  on  the  27th  November  1876,  (vol.  xx,  p.  77)  wherein  he 
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recommends  that,  when  an  office  proposes  to  change  the  table  or 
rate  of  interest  hitherto  employed  for  estimating  its  liabilities,  the 
annuities  and  reversions  deduced  from  the  newly  adopted  data 
should  be  used,  but  the  pure  premiums  derived  from  the  original 
table  or  rate  of  interest  should  be  those  brought  into  account. 

This  method  of  valuation  might  well  be  designated  the  "  mixed  " 
method;  for  under  it  we  may  have  premiums  deduced  at  a  certain 
rate  of  interest  from  one  mortality  table,  valued  by  annuities 
obtained  from  the  same  table  at  another  rate,  or  even  by  annuities 
from  another  table  at  the  same,  or  a  different,  rate  of  interest.  So 
that  if  P'^  be  such  premium,  we  have  for  the  value  of  a  policy  at 
the  end  of  n  years 

instead  of  the  hitherto  generally  accepted  formula, 

'  x  —  -^x+n     Pa;(l  ""f~  &x-\-n)  y 

where  P^  is  the  pure  premium  derived  from  the  same  table  and  at 
the  same  rate  of  interest  as  A.x+n  and  ax+n.  Therefore,  according 
as  ¥'x>  =  < Vxy  the  reserve  will  be  less,  equal,  or  greater  than 
that  derived  from  the  net-premium  method.  It  may  not  perhaps 
here  be  out  of  place  to  point  out  that  since 

we  have,  when  the  quantities  are  all  at  the  same  rate  of  interest, 


=  1 


1  ~f"  ®x+n 


1  -f  a  x 

This  relation,  however,  will  not  otherwise  obtain, 

Mr.  J.  J.  W.  Deuchar,  in  his  interesting  paper  on  Negative 
Policy  Values,  has  shown  that  where  P'#,  the  premium  brought  into 
account,  is  greater  than  Vx+n}  the  pure  premium  at  the  assured' s 
present  age  according  to  the  data  used  in  the  valuation,  the  value 
of  the  policy  will  be  negative;  and  bearing  this  in  mind,  it  will  be 
easy,  on  comparing  the  premiums  according  to  different  tables  and 
rates  of  interest,  to  see  when  negative  values  will  occur  if  the  mixed 
method  be  employed.  Since  the  valuation  of  a  premium  different 
from  the  net  premium  may  be  regarded  as  an  anticipation,  if  the 
premium  valued  be  greater  than  the  net,  or  a  postponement,  if  it 
be  less,  of  a  portion  of  the  loading,  a  comparison  of  the  rates  of 
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premium  obtained  from  different  tables  may  be  advantageous  in 
considering  the  method  of  valuation  in  question.  In  the  following 
table  I  have  compared  the  premiums  obtained  at  the  same  rate  of 
interest  only,  as  these  are  the  ones  most  likely  to  be  substituted 
in  a  valuation  when  an  office  proposes  to  pass  from  one  table  to 
another;  but  the  valuation  of  three  per-cent  premiums  by  the 
annuities  of  the  same  table  at  a  higher  rate  of  interest  is  not  without 
precedent  in  the  Reports  of  some  offices. 


Table  A. — Rates  of  Premium  for  the  Insurance  of  100,  obtained 
from  different  Tables  of  Mortality. 


Premium  at 

Per-cent  of  Hm  Prm. 

Premium  at 

Per-cent  of  Hm  Prm. 

1 

Table. 

3  per-cent.  4  per-cent. 

3  per-cent. 

4  per-cent. 

1           !  1 

3  per-cent.  4  per-cent.  3  per-cent.  4  per-cent. 

Age  20. 

Age  30. 

Em 

1-620 

1-445 

113-5 

116-1 

2-084 

1-882 

110-9 

112-8 

En 

1-585 

1-410 

111-1 

113-3 

2-039 

1-837 

108  5 

1101 

Ei 

1-597 

1-423 

111-9 

114-3 

2-054 

1-855 

109-3 

1111 

D 

1-525 

1-351 

106-9 

108-5 

1-995 

1-803 

106-1 

1080 

C 

1-491 

1-319 

104-7 

105-9 

1-952 

1*755 

103-8 

105-2 

0 

1-473 

1-295 

103-2 

104-0 

1-905 

1-697 

101-3 

101-7 

Hm 

1-427 

1-245 

1-880 

1-669 

S 

1-461 

1-279 

102-6 

102-7 

1-936 

1-723 

103-0 

103-2 

Age 

35. 

Age  40. 

Em 

2-404 

2-188 

109-6 

111-1 

2-810 

2-582 

108-5 

109-8 

En 

2352 

2-136 

107-3 

108-5 

2-747 

2-518 

106-1 

107-1 

Ei 

2-355 

2-142 

1074 

108-8 

2-731 

2-502 

105-5 

106-4 

D 

2-289 

2-083 

104-4 

1058 

2-647 

2-428 

102-2 

103-2 

C 

2-233 

2022 

101-8 

102-7 

2-599 

2  375 

100-4 

100-9 

o 

2-210 

1-987 

100-8 

100-9 

2-605 

2-368 

100-6 

100-7 

2  193 

1-969 

2-589 

2352 

s 

2-265 

2-038 

103-3 

1035 

2-682 

2-442 

103-6 

103-8 

Age  50. 

Age  60. 

Em 

4-020 

3-770 

105-8 

106-4 

6-164 

5*898 

103-0 

103-2 

En 

3-924 

3-670 

103-2 

103-6 

6-131 

5-867 

102-4 

102-7 

Ei 

3-873 

3-615 

101-9 

102-1 

6-129 

5863 

102-4 

102-6 

D 

3-744 

3-508 

98-5 

99-0 

5-461 

5202 

912 

91-0 

C 

3-622 

3-364 

95-3 

95-0 

5-790 

5-532 

96-7 

96-8 

0 

3-835 

3-578 

100-9 

1010 

6025 

5-755 

1006 

100-7 

Hm 

3-801 

3-542 

5-987 

5-715 

S 

3-963 

3-702 

104-3 

104-5 

6-291 

6018 

105-1 

105-3 

Y  2 
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Here  Ei,  En,  Em,  denote  the  English  Tables  I,  II,  and  III, 

respectively;  D,  Griffith  Davies's  Equitable  Experience;  C,  the 
Carlisle;  0,  the  17  Offices'  Experience;  Hm,  the  Institute  HM 
table ;  and  S,  the  premium  that  would  be  valued  by  Mr.  Sprague 
in  certain  cases — namely,  the  net  premium  for  the  next  higher 
age  to  that  at  entry. 

As  however  it  is  usual  in  practice  to  value  by  the  formula 

■^x+n  •  5  +  ax+n) , 

under  which  it  is  not  so  easy  to  see  when  negative  values  arise,  I 
append  a  table  showing  the  values  of  policies  of  various  durations, 
where  the  4  per-cent  net  premiums  according  to  the  English  Tables 
I,  II,  III,  Davies's  Equitable  (D),  Carlisle  (C),  17  Offices  (0), 
and  HM  tables  are  valued  by  HM  4  per-cent  annuities  by  this 
formula;  and  thinking  that  a  comparison  of  these  values  with  those 
obtained  by  employing  the  method  recommended  "  as  justifiable  in 
certain  cases",  by  Mr.  Sprague,  in  his  paper  in  vol.  xv,  p.  411, 
might  be  of  interest,  I  have  added  the  values  when  the  net  premiums 
(S),  at  the  next  higher  age  to  that  at  entry,  according  to  the  HM  table, 
also  at  4  per-cent,  are  valued  by  the  same  formula.  In  this  latter 
instance  I  have  given  no  value  for  the  reserve  at  the  end  of  the 
first  half  year,  as  it  is  not  derived  from  the  formula  above  stated, 
but  is  simply  the  amount  required  to  cover  the  "  unexpired  current 
risk." 

In  all  cases  I  have  assumed  the  assured  to  attain  their  office 
age  six  months  after  entry,  so  that  the  reserve  for  a  policy 
issued  on  a  life  of  30  next  birthday,  would  at  the  end  of  that 
time  be 
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Table  B. —  Values  of  Policies  hy  the  Mixed,  Net,  and  Mr.  Sprague's 

Methods  of  Valuation. 


Years  in  Force. 

Age  at 

Premium 

Entry. 

valued. 

H 

7i 

m 

37* 

20 

Em 

-3-207 



1-834 

-  -386 

+  2*100 

11-910 

40-320 

En 

-2-540 

— 

1-175 

+  -263 

2733 

12-478 

40-701 

Ei 

-2-787 

— 

1-418 

•023 

2*499 

12-268 

40-560 

D 

- 1-411 

— 

•060 

1-361 

3*803 

13-439 

41-345 

C 

-  -798 

+ 

•544 

1-957 

4-383 

13-960 

41-694 

0 

-  -343 

•993 

2-400 

4815 

14-348 

41*954 

H»» 

+  -622 

1-945 

3-338 

5*730 

15168 

42*504 

s 

1  -802 

2*704 

5*111 

42-132 

30 

Em 

-2-910 

— 

•864 

+  1-306 

4*791 

18-653 

53*728 

En 

-2122 

— 

•092 

2  061 

5-519 

19273 

54074 

Ei 

-2-434 

— 

•398 

1762 

5231 

19-027 

53*937 

D 

-1-528 

+ 

•490 

2-630 

6-068 

19-740 

54*335 

C 

-  -683 

1-317 

3  440 

6-848 

20*405 

54-706 

0 

+  -346 

2-326 

4-426 

7*799 

21*214 

55-158 

H> 

•835 

2-805 

4-894 

8-250 

21-598 

55-372 

S 

1-870 

3*980 

7*369 

20-848 

54-953 

40 

Em 

-2-427 

+ 

•596 

3*827 

8'941 

27*902 

67*066 

En 

-1-425 

1-568 

4*766 

9*830 

28*602 

67*377 

Ei 

-1-170 

1-816 

5*006 

10056 

28*778 

67*456 

D 

-  -013 

2-938 

6*091 

11-082 

29*587 

67*816 

C 

+  -808 

3-735 

6*861 

11-810 

30*160 

68-070 

0 

•926 

3-848 

6-970 

11-914 

30*242 

68*106 

Hm 

1-176 

4-091 

7-205 

12-136 

30*417 

68*182 

S 

2-727 

5*887 

10-889 

67-748 

50 

Em 

-1-215 

+ 

3-215 

7-814 

14-930 

39*104 

76*524 

En 

+  -093 

4-463 

9-002 

16-281 

39*880 

76*808 

Ei 

•808 

5-140 

9  654 

16-625 

40*306 

76-962 

D 

2-215 

6-490 

10930 

17*800 

41*140 

77-270 

C 

4-083 

8-275 

12*629 

19-365 

42-250 

77*675 

0 

1-299 

5-615 

10-098 

17*034 

40-595 

77070 

Hm 

1-771 

6-065 

40875 

77*172 

S 

4-071 

8-628 

15-679 

39-635 

76-719 

60 

Em 

+ 1-032 

7-274 

13*452 

22-627 

51-075 

93-205 

En 

1-341 

7-564 

13*722 

22-867 

51-225 

93-220 

Ei 

1-380 

7-600 

13-756 

22-898 

51-244 

93-222 

D 

7-969 

13-765 

19*501 

28-020 

54-435 

93*553 

C 

4-682 

10-690 

16635 

25-464 

52-843 

93-388 

0 

2-456 

8-607 

14-693 

23-734 

51-765 

93*276 

H«* 

2-858 

8983 

15*044 

24-046 

51-959 

93*296 

S 

6-164 

12-417. 

21-704 

50-500 

93*145 

Consideration  of  this  table  will  show  that  if  the  "  mixed  "  method, 
as  here  exhibited,  be  employed  by  an  office  adopting  the  common 
and  convenient  course  of  grouping  the  policies  for  valuation  according 
to  the  date  of  birth  of  the  lives  assured,  the  total  sum  assured  being 
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multiplied  once  for  all  by  the  reversion,  and  the  total  of  the  "  pre- 
miums for  valuation"  by  the  annuity,  then,  unless  the  policies 
issued  during  the  last  five  years  be  excluded  and  valued  separately, 
a  very  considerable  amount  of  negative  values  must  be  included, 
— a  course  that  cannot  under  any  circumstances  be  too  strongly 
condemned.  We  are  also  led  to  the  conclusion  that  the  estimated 
liability  of  an  office  would,  in  all  cases  exemplified  in  the  foregoing 
table,  fall  very  far  below  the  amount  obtained  by  a  pure  premium 
valuation,  in  spite  of  the  fact  that  for  some  of  the  higher  ages  at 
entry  the  Carlisle  and  Davies's  Equitable  premiums  are  less  than 
the  HM,  and  the  liability  consequently  greater,  for  the  policies 
effected  at  these  periods  would  be  insufficient  in  amount  to  counter- 
balance the  deficiency  in  the  reserve  for  entrants  at  the  younger 
ages. 

It  was  originally  my  intention  to  have  tested  the  extent  of  the 
variation  by  carrying  the  valuations  of  Messrs.  Manly  and  Valentine 
a  step  further;  but  on  reconsideration  I  abandoned  the  idea,  as 
according  to  Mr.  Manly' s  model  office  no  policies  are  valued  until 
they  have  been  five  full  years  in  force,  by  which  time  all  the  policies 
would  have  attained  to  positive  values,  and  the  evil  effects  of  the 
mixed  method,  as  regards  negative  values,  would  to  a  very  con- 
siderable extent  have  been  concealed.  I  have  therefore  thought 
it  advisable  to  construct  a  new  model,*  with  the  improved  data 
which  the  mortality  experience  collected  by  the  Institute  has 
furnished.  For  this  purpose  I  have  utilized  the  rates  of  discon- 
tinuance in  the  HM  observations  which  I  had  calculated  and  roughly 
graduated  some  time  ago.  The  method  of  calculation  has  been  so 
clearly  set  forth  by  Mr.  George  King,  in  his  paper  in  the  19th 
volume  of  the  Journal,  that  I  need  not  further  refer  to  it  than  to 
state  that  I  took  the  central  age  next  birthday,  instead  of  last 
birthday,  as  he  has  done,  as  a  multiple  of  5,  so  that  my  rates  for 
age  40  were  deduced  from  the  experience  of  lives  entering  at  38, 
S3,  40,  41,  42  next  birthday,  whilst  Mr.  King's  were  obtained 
from  those  entering  at  39,  40,  41,  42,  43.  As  a  rule  my  rates 
are  slightly  higher  than  his,  in  consequence  of  the  younger  life  to 
which  mine  are  applicable,  the  rate  of  discontinuance  decreasing  as 
the  age  at  entry  increases,  but  the  difference  is  so  small  that  I  do 

*  This  investigation  was  commenced  before  Part  I  (vol.  xix)  of  Mr.  Geo.  King's 
paper  had  appeared,  and  the  greater  part  of  the  following  calculations  was  completed 
before  his  "model"  in  Part  II  was  published;  otherwise  I  should  not  have  thought 
it  worth  while  to  offer  another,  as  the  facilities  for  comparing  the  effect  of 
employing  different  methods  and  data  in  valuations  are  thereby  to  some  extent 
reduced. 
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not  think  it  worth  while  to  reproduce  them  here.  The  few  dis- 
continuances occurring  after  the  30th  year  of  assurance  were 
disregarded. 

Taking  the  HM  rate  of  mortality  for  the  deaths,  and  the  adjusted 
rates  of  discontinuance  for  the  withdrawals,  I  have  supposed  the 
case  of  an  office  issuing  annually  3,000  policies  for  £100  each  (this 
large  number  of  entrants  being  assumed  in  order  to  obtain  a  con- 
tinuous experience  for  all  ages  at  entry),  the  lives  entering  at  the 
ages  20,  25,  30,  35,  40,  45,  50,  55,  and  60,  in  the  proportions 
found  in  the  Mortality  Experience  by  taking  the  numbers  there 
given  as  joining  at  the  ages  18  to  22  for  20,  23  to  27  for  25,  and 
so  on,  and  dividing  the  total  entrants  in  each  group  by  all  the 
entrants  between  18  and  62. 

Having  thus  determined  the  number  of  entrants  for  each  age, 
assuming  the  discontinuances  to  take  place  at  the  end  of  the  year 
of  assurance,  and  the  deaths  on  the  average  in  the  middle  of  the 
year,  if 

0ll  =  the  number  of  entrants, 

ill,  2R. . . .  =  the  renewals  in  the  2nd,  3rd 
Qd,  id,  2d  =the  deaths  in  the  1st,  2nd  . . 
0iv,  iW ,  2?^  =  the  withdrawals  ,, 
Gq,  iq,  2q  =  the  rate  of  mortality  „ 
0.9,  is,  2s    =the  rate  of  discontinuance 

we  have  0d=0~Rx  0q, 

qW  =  (0R  ~  iod)  qS  =  qR  (1  —  \  .  o?)  <tS  . 

Putting  (1  —  %q)s  —  t, 

we  have  0w  =  0R  x  0t. 

And  1R  =  0R  —  0d—0w 

=  0I1(1  — 0</  —  oO  =  oft  x  o?* , 

where  r  is  the  probability  of  renewal. 

Similarly,       2R  =  Jt (1  —  Yq  —  it)  —  Jl  X  xr 
=  0llx0rx1r. 

And  generally,  using  logarithms, 

log  ?  Jl  =  log  0ll  +  log  0r  +  log  \r  +  log  2r  +  • 


year  of  assurance, 
>>  >> 
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The  renewals  in  each  year  of  assurance  for  each  age  at  entry- 
were  therefore  calculated  by  means  of  log  r  in  the  same  way  as 
the  living  in  a  mortality  table  from  log  p,  and  then  log  R-f-log  q 
gives  log  d,  the  deaths  in  the  year,  and  log  R  +  log  t  gives  log  w , 
the  discontinuances.  It  is  not,  however,  absolutely  necessary  to 
calculate  these  latter,  since  the  renewals  and  deaths  in  each  year 
being  known,  we  have 

nR  =  nd  -j-  nw  -f-  w+ iR  • 

Therefore  nw  —  nll  —  (nd  +  n+ jR) . 

In  the  actual  calculations,  the  number  of  deaths  to  accrue  has 
been  slightly  over-estimated;  for  I  have  taken  0qx  at  qx  and  Yqx  at 
Qx+i,  which  is  not  true,  since  the  assured  enter  on  the  average 
six  months  before  attaining  their  office  age  xy  and  consequently 

0dx   should    be  onxx        +      ;    14  =  1RgX  %tdJk±l  j  and 

0wx — 0R^.  ^  1  —  |  •  9 op +    ^  ^  ^     rp^g  additional  strain  on  the 

funds  of  the  office  is  however  compensated  for  in  the  premiums 
charged  to  the  assured,  and  the  facility  obtained  for  calculating 
the  renewals  is  obvious.  As  the  valuations  were  supposed  to  take 
place  in  the  middle  of  the  year  of  assurance,  I  have  assumed  the 
number  ,of  policies  then  in  force  as  equal  to  the  number  of 
renewals  at  the  beginning  of  the  year,  less  one-half  the  deaths; 
or  when  these  latter  were  an  uneven  number  (2n+l),  I  supposed 
n  to  take  place  before  the  valuation  and  n  + 1  thereafter. 

Table  C  (see  pp.  318,  319). 

In  view  of  the  large  number  of  calculations  that  appeared 
necessary  for  making  a  valuation  for  the  various  rates  of  premium 
referred  to  in  Table  A,  I  originally  limited  my  intention  to 
testing  the  results  of  valuing  English  No.  1  and  Carlisle  pre- 
miums at  4  per-cent,  and  comparing  the  reserves  with  those 
required  by  the  net  and  Mr.  Sprague's  methods ;  but  on  making 
various  experiments  for  checking  the  first  calculations,  I  discovered 
a  method  which  has  enabled  me  to  extend  the  investigation  to  the 
other  two  English  tables,  Davics's  Equitable,  and  the  Seventeen 
Offices,  and  at  the  same  time  to  save  myself  considerable  labour. 
I  did  not  think  it  worth  while  to  include  the  Northampton  rates, 
as  the  premiums  even  at  4  per-cent  by  this  table  are  so  high  that 
they  must  be  looked  upon  as  containing  in  themselves  a  portion  of 
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the  loading,  whilst  the  others  have  all  at  various  times  been 
regarded  as  true  tables,  and  the  pure  premiums  derived  from  them 
as  covering  the  risk  only. 

For  facility  of  reference,  I  shall  hereafter  denote  an  office 
valuing  by  the  Institute  HM  4  per-cent  annuities,  the  pure 
premiums  at  the  same  rate  of  interest  derived  from  the  3  English, 
Davies's  Equitable,  Carlisle,  Seventeen  Offices,  and  HM  tables,  as 
Offices  (Bin),  (En),  (Ei),  (D),  (C),  (0),  and  (H™)  respectively; 
and  an  office  valuing  according  to  Mr.  Sprague's  method  the  pre- 
mium at  next  higher  age  to  that  at  entry,  as  Office  (S)  ;  and  when 
reference  is  made  to  an  office  valuing  a  premium  P(i),  P(2),  as 
Offices  (PO,  (P2). 

If  now  we  have  m  offices  (PJ  (P2)  (P3)  (Pm) ,  where 

the  premium  P(i)  >  P(2>  >  P(3)  >  P(W) ,  the  reserves  they  will 

make  for  a  policy  issued  on  the  same  life  x ,  when  the  assured 
attains  the  age  of  x  +  n,  the  next  premium  falling  due  6  months 
hence,  will  be : 

For  (PO  A*+w— P(1)(.5 +  J 

>>     (P2)  A-x+n  —  P(2)(«  5  ~\~^x+n)  > 

and  so  on  for  the  others ;  and  the  amount  reserved  by  (P2)  will 
always  be  greater  than  that  by  (Px)  by  the  difference  of  the  above 
values,  or 

(P(1)-P(2))(.5  + 

This  sum  may  be  large  in  the  early  years  of  the  policy,  but 
will  diminish  as  it  grows  older,  until  it  is  reduced  to  (P(X)  —  P(2))  X  .  5 , 
when  the  assured  attains  the  last  age  in  the  H>  table,  on  the 
assumption  that  one-half  of  the  assured  living  at  this  age  will  pay 
their  premiums  before  their  policies  become  claims.  We  see  then 
that  when  once  the  rate  of  premium  brought  into  account  in  the 
valuation  is  fixed,  an  office  (P^)  will  never  reserve  less  than 
office  (P^_i)  or  more  than  office  (Pt+l)j  but  will  always  have 
in  hand  an  amount  between  the  two. 

If,  now,  we  suppose  that  there  are  N  policies,  for  1  each, 
issued  at  age  x,  in  force  at  age  x  +  n,  the  respective  reserves 
will  be  : 

Office  (P,)  N{Ax+w-P(1)(.5  +  «r+„)} 
„  (P2)  N{Ax+„-P(2)(.5  +  «x+„)} 
„     (P3)        N{A.rt,„-P(3)(.5  +  flw)} 

v!>»  vL»  *4s  lis 

Jf*  *X*  «T*  *T*  *T> 

„     (Pm)       N{Ax+n-V(m)(.5  +  ax+n)} 
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and  the  differences  in  amount  will  be 

(P2)  over  (P,)         N(Pa)-P(2))(.5  +  « 
(P8)    „   (P2)        N(P(2)-P(3))(.  5 +  «*+„) 

vlv  *A*  vL*  vL*  vl>» 

^y* 

{J*m)     »     (Pm-l)       N(P(m_i)  — P(m))  ( .  5  +  ax  +  n) 
The  total  of  these  differences  is 

N(P(1)-P(w))(.5  +  ^+n), 


which  is  the  excess  of  the  amount  reserved  by  the  office  valuing 
the  lowest  premium  over  that  valuing  the  highest. 

If  then  (P^  reserve  a  sum  Su  and  (Pm)  a  sum  Sm}  (P2)  will 
reserve 

o    ,  /o         g  \  N(P(p  — P(2))  (-5  +  gar+n) 

+  ljN(P(1)-P(m))(.5  +  ^) 


P(l)  — P(2) 
(1)  — P(m) 


=  SX+  (Sw— •  p 
For  (P3)  we  have 

Q  JL(<*         ^  f         — P(2)     ,    P(2)  — P(3) 
oi  +  [pm—  »l)  ]  p         p      +  p  p 

IX  (i) — i  (TO)     r  (i) — r  (m) 
and  for  (P^) 

Q  a-  ^      R  \  f       — F(2)   ,  F(2)~ P(3)  ,  .  Pft-i)  — P(p  )  . 

»i  i  i^w    OiJ  i  p       p      r  p       p  r  ~r  -p       p      r  , 

or  if  the  value  for  (P^)  alone  be  wanted  : 

Pm-P, 


Si  +  (Sm— S:)  •  f^r^ — p^- 1  • 

VMl)-^(m)/ 


From  this  we  see  that,  taking  any  age  at  entry,  no  matter 
what  the  number  of  rates  of  "premium  for  valuation"  may  be, 
we  have  only  to  make  the  necessary  calculations  for  the  two 
extreme  rates  of  premium,  the  amounts  reserved  for  the  inter- 
mediate rates  being  found  by  interpolation;  and  as  the  formula 
for  this  is  independent  of  the  duration  of  the  policies,  it  is 
sufficient  when  it  is  proposed  to  make  quinquennial  valuations 
to  find  the  values  for  the  "  interpolated  "  offices  from  the  total 
amount  reserved  by  the  "  extreme"  offices  for  the  quinary  group. 

As  an  example  of  the  working  of  the  formula,  let  us  take  age 
at  entry  30,  the  extreme  rates  being  English  No.  3  and  IF'1.  In 
col.  (1)  we  have  the  duration  of  the  policies,  in  col.  (2)  the  values 
of  the  same  supposed  to  be  for  100  each  for  a  mixed  English  No.  3 
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valuation,  and  in  col.  (3)  the  pure  premium  values  for  HM,  in 
col.  (4)  the  number  of  policies  for  valuation,  in  cols.  (5)  and  (6) 
respectively  the  products  of  (2)  and  (3)  by  (4)  : — 


Table  D. 


Duration 

V 

V 

N 

V'xN 

VxN 

of  Policies. 

Eng.  No.  3. 

0) 

(2) 

(3) 

(^) 

(5) 

(6) 

J  years 

-2-910 

•835 

637 

-1853-5 

531-9 

ii  „ 

-1-901 

1-806 

589 

-1119-6 

1063-7 

-  '864 

2-805 

554 

-  478-6 

15540 

3i  „ 

+  -201 

3-833 

525 

+  107-1 

2012-3 

4i  „ 

+ 1*306 

4-894 

501 

+  654-2 

2451-9 

-3451-7  7613-8 
+  761*3  2690-4 


-2690-4  10304-2 


Premium. 

A 

A 

c(2VN-2V'N) 

Reserve. 

(>) 

(8) 

(9) 

(10) 

(11) 

Em 

1-8817 

•0270 

•1271 

1309-9 

-2690-4 

Ei 

1-8547 

•0177 

•0833 

858-7 

-1380-5 

En 

1-8370 

•0337 

•1587 

1634-9 

-  521-8 

D 

1-8033 

•0479 

•2255 

2323-8 

+  1113-1 

C 

1-7554 

•0320 

•1507 

1552-4 

3436-9 

s 

1-7234 

•0264 

•1243 

1280-7 

4989-3 

0 

1-6970 

•0277 

•1304 

1343-8 

6270-0 

1-6693 

76138 

•2124 

10304-2 

Arranging  the  premiums  in  descending  order  of  magnitude  in 
col.  (7),  we  have  in  col.  (8)  the  excess  of  each  over  the  next  in 
succession,  and  in  col.  (9)  the  proportion  of  this  difference  to  the 
total  differences,  being  the  excess  of  the  English  No.  3  premium 
over  the  HM.  Multiplying  this  proportion  by  the  difference 
10304*2  in  the  above  reserves,  we  have  in  col.  (10)  the  amount  to 
be  added  to  the  English  No.  3  reserve  to  obtain  that  for  English 
No.  1,  and  the  amount  to  be  added  to  this  to  obtain  the  English 
No.  2,  and  so  on;  and  in  col.  (11)  the  actual  reserves  for  each  rate 

of  premium.    The  quantity  J^r-  in  col.  (9)  is  the  constant  to  be 
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multiplied  by  tlie  difference  in  the  reserves  of  Hm  and  Em  for 
policies  issued  at  age  30;  for  all  subsequent  periods  of  duration,  in 
groups  of  5  years. 

The  values  above  given  for  the  first  quinquennium  are  the 
reserves  made  when  negative  values  are  included,  and  the  amount 
quoted  for  Office  S  is  therefore  incorrect,  as  it  is  one  of  the  special 
features  of  Mr.  Sprague's  suggested  method  of  valuation  that 
negative  values  should  never  under  any  circumstances  be  allowed, 
but  the  correction  for  the  policies  in  their  first  year  is  easily  made 
afterwards.  It  will  be  observed  that  when  the  total  reserve  for 
policies  of  all  durations  at  any  age  at  entry  is  obtained  for  the  two 
extreme  rates  of  premium,  the  total  for  the  intermediate  rates  can 
be  found  by  the  formula ;  and  by  thus  checking  the  gross  reserves 
for  each  age  at  entry  and  summing  them,  we  have  a  check  on  the 
partial  summations  for  each  quinquennium,  and  also  on  the  carriage 
of  each  partial  value  to  its  proper  place,  which  is  of  considerable 
assistance,  as  the  positions  of  the  various  offices  are  continually 
changing  in  consequence  of  the  crossing  in  the  premiums  at 
different  ages  at  entry. 

As  further  on  I  have  considered  the  effect  of  excluding  the 
negative  values  where  they  occur,  and  making  the  requisite  reserve 
for  the  unexpired  risk,  the  policies  for  the  first  five  years  were 
valued  separately  for  each  rate  of  premium.  In  this  case,  however, 
the  final  check  by  the  foregoing  formula  is  no  longer  obtainable ; 
but  as  the  negative  values  are  limited  to  policies  of  less  than 
five  years'  duration,  the  reserves  will  always  be  in  excess  of  the 
corresponding  value  when  the  negative  values  are  retained,  by  a 
quantity  equal  to  the  difference  in  the  reserves  for  the  first 
quinquennium. 

As  one  of  the  objects  of  this  investigation  was  to  test  the  effect 
of  the  mixed  method  of  valuation  on  the  profits  of  an  office,  or 
rather  the  amounts  represented  to  be  divisible  as  such,  I  have 
calculated  the  actual  receipts  and  disbursements  on  the  assumption 
of  the  foregoing  experience,  taking  the  gross  premiums  charged  as 
follows : — 


Age. 

Premium. 

Age. 

Premium. 

Age. 

Premium. 

£   s.  d. 

£   s.  d. 

£   s.  d. 

20 

2    0  0 

35 

2  18  0 

50 

4  10  0 

25 

2    4  0 

40 

3    G  0 

55 

5  12  0 

30 

2  10  0 

45 

3  18  0 

GO 

6  18  0 
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and  4|  per-cent*  as  the  rate  of  interest  at  which  the  average  of 
the  funds  at  the  beginning  and  end  of  the  year  can  be  accumulated. 
For  this  purpose,  however,  it  was  necessary  to  re-arrange  the 
deaths.  Assuming  the  financial  year  to  run  from  1st  January  to 
31st  December,  and  the  premiums  to  fall  due  on  1st  July,  at  the 
close  of  the  first  financial  year  an  office  would  have  in  hand  the 
premiums  and  interest  less  the  expenses  and  the  claims  which  I 
have  taken  at  the  number  to  accrue,  as  previously  mentioned, 
before  the  date  of  valuation  on  31st  December;  whilst  in  the 
second  financial  year  we  have,  besides  the  income  and  expenses, 
the  remainder  of  the  claims  falling  in  during  the  first  year  of 
assurance,  and  the  first  part  of  the  claims  for  the  second  year  of 
assurance,  and  so  on  for  other  years ;  the  surrenders  coming  into 
the  same  financial  year  as  the  second  part  of  the  claims  for  the 
same  year  of  assurance.  I  have  allowed  throughout  one-third  of 
the  premiums  paid  as  a  surrender-value  after  payment  of  three 
premiums.  The  rate  of  expenditure  was  probably  the  most 
difficult  point  of  all  to  determine.  To  have  assumed  it  at  50  per- 
cent of  the  first  premium,  and  7  or  8  per-cent  of  the  renewals, 
was  insufficient  for  the  early  years;  and  that  standard  once 
departed  from,  it  was  difficult  to  take  it  up  afterwards.  In 
consequence  of  the  expense  of  obtaining  business,  and  the  heavy 
proportion  that  even  a  moderate  amount  of  preliminary  expenses 
bears  to  a  small  premium  income,  it  would  appear  from  the  few 
accounts  of  young  companies  I  have  seen  that  an  office  can  do 
little  more  than  pay  all  its  expenses  and  make  a  net-premium 
valuation  out  of  its  income  for  the  first  quinquennium.  Starting 
with  this  view,  the  rates  of  expenditure  I  have  assumed  allow  of  a 
small  surplus  at  the  first  valuation,  and  taking  13  per-cent  of  the 
total  premium  income  as  the  average  rate  amongst  offices  doing 
.£300,000  a-year  new  business,  I  have  gradually  reduced  the  rates 
until  this  minimum  is  arrived  at,  and  thenceforward  taken  the  rate 
as  constant. 

If,  then,  0A .  jA  be  the  amount  of  funds  at  the  beginning 

of  the  1st,  2nd  year  between  the  dates  of  valuation, 

0P,  jP  ....  0C,  iC  ....  0S,  XS  0E,  iE  0I,  J  

the  premiums,  claims,  surrenders,  expenses,  and  interest,  in  those 

*  This  manner  of  stating  the  rate  of  interest  is  in  accordance  with  Messrs. 
Malcolm  and  Hamilton's  Report  to  the  Board  of  Trade,  but  the  same  results  would 
be  arrived  at  by  assuming  an  effective  rate  of  4*6036  per-cent  on  the  amount  of 
funds  at  the  beginning  of  the  year,  and  a  half  year's  interest  at  the  same  rate  on 
the  balance  of  premium  income  over  total  outgo. 
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years  respectively;  and  i,  one-half  the  rate  of  interest  realized  on 
the  average  of  the  funds  at  the  beginning  and  end  of  the  year,  we 
have 

^oA  +  oI  +  oP-oC-oS-oE. 

Putting  JB  =  P  — (C  +  S+E),  or  the  difference  between  premium 
income  and  total  outgo,  and  observing  that 

0I=(0A  +  iA)i, 

we  have 

iA=0A+(0A  +  lA)i  +  0B 

Similarly, 

=  U\±i.  +  1J-,.B)}-±i  +  Ti,-,B 

V     1  —  %        \  —  l         J  1—2        1  —I 

And  generally, 

-a=.a(K)'+^{.b(i±i)';',b(^'+!  -B}. 

It  will  be  observed  that  0A  is  the  reserve  made  at  the  last 
valuation  (including  any  profit  that  may  not  have  been  divided), 

and  0A  f  j — -.J   the  amount  of  this  at  the  rate  of  interest  realized 

at  the  date  of  the  following  valuation;  whilst  the  remaining  part  of 
the  expression,  representing  the  accumulation  of  the  balance  of 
premium  income  over  outgo  in  each  of  the  years  between  the  dates 
of  valuation,  will  be  constant  for  all  the  offices  hereafter  referred 
to.    In  some  years  B  would  be  positive,  in  others  negative ;  if  the 

total  for  the  term  be  positive,  it  must  be  added  to  0A  I  ^ — -.J  ,  and 

if  negative,  deducted,  to  obtain  the  gross  amount  of  funds  at  the 
date  of  valuation ;  and  the  difference  between  this  amount  and  the 
reserve  then  made  will  be  the  profit  for  the  period.  The  value  of 
this  constant  for  each  quinquennium  is  given  in  column  K. 
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Table  E. 
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of 
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(1) 

Premium 
Income. 

(2) 

No.  of 
Claims 
of  100 
each. 

(8) 

Sur- 
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(4) 
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Per-cent 
of 

Premium 
Income. 

ENSES. 

Amount. 
(6) 

Premium 
Income 
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Outgo. 
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Table  E — continued. 


Age 
of 
Office. 

] 

i  » 

Premium 
Income. 

(2) 

No.  of 
Claims 
of  100 
each. 

(3) 

Sur- 
renders. 

(4) 

Ex] 

Per-cent 
of 

Premium 
Income. 

(5) 

3ENSES. 

Amount. 
(6) 

J-    i  '..  ill  J  L'.J  Li 

Income 
less  Total 
Outgo. 

2-(3+4+6) 

(7) 

K. 

(8) 

46 

181,387* 

1,570 

23,580 

-  6,512 

47 

182,091- 

1,598 

23,672 

-  8,700 

48 

182,719- 

1,627 

23,753 

-11,053 

49 

183,273- 

1,654 

23,825 

-13,271 

50 

183,762- 

1,680 

... 

23,889 

- 15,446 

-  60,538 

51 

184,184- 

1,703 

23,944 

-17,379 

52 

184.552- 

1,726 

23,992 

-19,359 

53 

184,865- 

1,745 

24,032 

-20,986 

54 

185,134- 

1,764 

24,067 

-22,652 

55 

185,361- 

1,780 

24,097 

-24,055 

-116,294 

56 

185,549- 

1,796 

24,121 

-25,491 

57 

185,704- 

1,807 

24,142 

-26,457 

58 

185,833- 

1,818 

24,158 

-  27,444 

59 

185,939- 

1,827 

24,172 

-28,252 

60 

186,022- 

1,836 

24,183 

-29,080 

-152,902 

61 

186,088* 

1,844 

24,191 

-29,822 

62 

186  138* 

1,849 

24,198 

—  30,279 

63 

186,177- 

1,854 

24,203 

-  30,745 

64 

186,208- 

1,858 

24,207 

-31,118 

65 

186,229- 

1,861 

... 

24,210 

-31,400 

-171,818 

66 

186,244- 

1,864 

• . . 

24,212 

-31,687 

67 

186,257' 

1,865 

24,213 

-31,775 

68 

186,265- 

1,867 

24,214 

-31,968 

69 

186,271- 

1,868 

24,215 

-32,063 

70 

186,273- 

1,870 

24,216 

-32,262 

-179,116 

71 

186,273- 

1,871 

24,216 

-32,362 

-181,493 

Constant. 

Constant. 

Constant. 

Constant. 

Constant. 

I  have  not  carried  the  investigation  further  than  for  one  rate 
of  interest,  but  on  comparing  the  percentages  given  in  Mr.  Geo. 
King's  admirable  paper  on  Net  Premium  Reserves  (vol.  xx),  it  will 
be  seen  that  the  difference  between  the  standard  he  assumes  and 
the  reserves  by  other  tables  increases  with  the  rate  of  interest;  so 
that,  for  instance,  a  3  per-cent  17  Offices  valuation  is  nearer  to  a 
3  per-cent  HM,  than  a  4  per-cent  valuation  by  the  first  table  is  to 
the  like  value  by  the  latter;  the  variation,  with  the  exception  of 
the  Carlisle  and  Davies's  Equitable  Tables,  being  unimportant.  But 
in  mixed  valuations,  such  as  are  the  subject  of  this  paper,  we 
practically  deal  with  only  one  table  and  varying  percentages  of  the 
net  premiums  derived  therefrom;  and,  as  in  Tabic  A,  we  see  that 
this  percentage  increases  with  the  rate  of  interest,  it  will  be  fair 
to  assume  that  the  reserves  for  3  per-cent  mixed  valuations  would 
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approximate  somewhat  more  closely  to  the  3  per-cent  HM  values 
than  those  at  4  per-cent. 

In  the  following  Table  F  are  given  the  quinquennial  reserves 
and  profits  for  offices  valuing  the  4  per-cent  premiums  referred  to 
in  Table  A  by  the  HM  4  per-cent  annuities,  the  offices  marked  (a) 
including  the  negative  values  arising  from  the  method  of  valuation, 
whilst  those  marked  (£)  exclude  them,  and  in  addition  make  for 
all  policies  having  negative  values  a  reserve  to  cover  the  unexpired 

vo  f  A 

current  risk,  which  I  have  taken  at       \  \  +  -J . 

Table  F  (see  pp.  328,  329). 

On  comparing  the  different  reserves  brought  out,  one  is  imme- 
diately struck  with  the  great  effect  produced  by  the  mixed  method 
of  valuation  on  the  liability  of  a  young  office,  that  for  (Enitf) 
being  as  little  as  5*08  per-cent  of  the  IP1  value  at  the  first 
investigation,  increasing  to  50  85  per-cent  at  the  second,  and  67*49 
per-cent  at  the  third,  but  subsequently  approximating  more  slowly, 
until  it  eventually  reaches  at  the  14th  valuation  89*59  per-cent, 
at  which,  under  the  conditions  assumed,  it  would  remain  constant, 
the  difference  in  the  amounts  reserved  being  165,684.  The  great 
jump  in  the  percentages  at  the  first  and  second  valuations  arises 
from  the  negative  values  appearing  only  in  policies  of  less  than  5 
years*  duration,  and  further  from  the  difference  in  the  values  of 
policies  by  the  mixed  and  net  methods  decreasing  as  they  get  older. 
In  fact,  at  the  first  valuation  the  difference  in  the  amounts  reserved 
by  offices  (Eina)  and  is  45,139;  at  the  second,  (H'/w)  adds 

111,050  to  its  previous  reserve,  and  (Em«)  78,227;  the  difference 
being  here  reduced  to  32,823;  whilst  at  the  third  valuation,  the 
balance  in  favour  of  (Hw)  is  25,368  only;  and  so  on,  the  difference 
in  the  amounts  added  at  each  subsequent  valuation  decreasing, 
but  the  difference  in  the  gross  total  always  increasing.  A  similar 
state  of  things  occurs  in  all  the  other  cases,  the  jumps  in  the  per- 
centages being  greatest  where  the  smallest  reserve  is  made  at  the 
commencement. 

The  difference  in  the  amounts  reserved  by  (Ena)  and  (E10)  is 
very  small  throughout.  The  English  No.  1  premiums  being 
higher  than  those  by  the  No.  2  table,  for  ages  at  entry  20  to  35, 
and  less  for  40  to  60,  the  amounts  reserved  by  (Eia)  is  less  for 
the  younger  and  more  for  the  older  group ;  and  this  crossing  in 
the  premiums  enables  (E10)  to  make  a  tnflingly  larger  reserve  at 
the  first  valuation,  but  at  the  second  the  balance  is  the  other  way, 
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and  gradually  increases,  until  at  the  final  valuation  it  is  2,072,  or 
*13  per- cent  of  the  HM  reserve. 

The  crossings  that  take  place  in  the  Carlisle  and  Davies's 
Equitable  premiums  with  the  17  Offices  and  HM  premiums  (Px  and 
P*+i)j>  do  not  at  any  time  interfere  with  the  rank  taken  by  the  offices 
valuing  those  premiums. 

When,  however,  we  come  to  exclude  the  negative  values,  where 
these  occur,  and  to  retain  a  sum  to  cover  the  unexpired  risk, 
considerable  crossing  in  the  reserves  takes  place,  the  reason  for 
which  may  be  gathered  from  Table  G,  where  are  given  the  amounts 
of  positive  and  negative  values,  and  unexpired  risk  reserves  at  the 
first  valuation  for  each  set  of  premiums. 


Table  Gr. — Shoiving  the  Positive  and  Negative  Values,  and 
Unexpired  Risk  Reserves  for  each  set  of  Premiums. 


Office. 

Positive 
Values. 

(1) 

Negative 
Values. 

(2) 

Unexpired 
Risk  reserve. 

(3) 

Resi 

Office  (a). 

(l)-(2). 
(4) 

iRVE. 

Office  (&). 

(l)+(3). 
(5) 

Difference 
being  excess  of 
(&)  over  (a). 

(5)-(4)=(2)+(3). 

Ern 

15,146 

12,728 

3,264 

2,418 

18,410 

15,992 

En 

21,057 

7,267 

2,183 

13,790 

23,240 

9,450 

Ei 

22,091 

8,273 

2,315 

13,818 

24,406 

10,588 

I) 

33,696 

3,366 

1,510 

30,330 

35,206 

4,876 

C 

43,071 

1,065 

631 

42,006 

43,702 

1,696 

0 

41,771 

100 

204 

41,671 

41,975 

304 

Hm 

47,557 

Nil. 

Nil. 

47,557 

s 

32,146 

1,481 

33,627 

In  spite  of  the  large  addition  made  to  (Eiii«),  (Ein6)  is  better 
than  (Eia)  and  (En#)  at  the  first  valuation  only;  (E16)  is  better 
than  (Eiitf)  throughout,  and  only  falls  below  (Eub)  at  the  sixth 
quinquennium,  by  which  time  the  natural  increase  in  the  reserves 
of  (Eua)  over  (Eia)  exceeds  the  larger  amount  added  to  the  latter 
to  get  rid  of  the  negative  values.  Offices  (Da)  and  (Db)  maintain 
their  rank  throughout,  whilst  (Cb),  which  is  in  excess  of  (Oa)  and 
(OH)  for  the  first  and  second  valuations,  sinks  at  the  third  below 
both.  All  the  offices  valuing  the  English  premiums  are  below 
office  S  throughout,  as  also  office  (Da);  (Db)  is  in  excess  for  the 
first  two  valuations  only,  and  the  (C)  and  (O)  offices  throughout. 

In  order  further  to  compare  the  effects  of  the  mixed  method 
of  valuation  with  the  more  common  pure  premium  method,  I  have 
calculated  from  Mr.  Geo.  King's  paper  the  percentages  to  his  HM  4 
per-cent  reserves  of  the  net  values  at  the  same  rate  of  interest  for 
the  17  Offices,  Carlisle,  Davies's  Equitable,  and  English  Tables  2  and 
3.    It  is  probable  that  the  effect  of  estimating  the  next  premium 
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as  just  due,  or  due  six  months  hence,  or  even  the  variation  in  the 
assumed  ages  of  the  assured  at  the  date  of  valuation,  will  not,  as 
the  two  models  are  otherwise  so  similar,  cause  any  material  difference 
in  the  proportions  found  to  exist;  and  the  comparison  instituted  in 
the  following  table  may  therefore  be  taken  as  throwing  additional 
light  on  the  all-important  question  of  data  in  valuations. 


Table  H. — Showing  the  Percentage  of  Net  and  Mixed  Valuations 
to  a  IS?1  Net-Premium  Valuation — Interest  4  per-cent. 


Table  of  Mortality. 

Net. 
(1) 

Mixed. 
(2) 

Difference. 
(l)-(2) 

Net. 
(1) 

Mixed. 
(2) 

Difference. 
(l)-(2) 

1st  Quinquennium. 

2nd  Quinquenniu  cn. 

17  Offices  . 
Carlisle 

Davies's  Equitable 
English  No.  2 
«       »  3 
(Office  S)  . 

98*42 
91*22 
90-57 
98-66 
97-40 

87-62 
87-28 
63-78 
29-00 
5-08 
69-80 

10-80 
3-94 
26-79 
6766 
92-32 

98-76 
91-21 
9003 

96-  69 

97-  41 

93-60 
9313 
80-89 
63-19 
50-85 
83-56 

5-16 
-  1-92 
914 

33-50 
46-56 

3rd  Quinquennium. 

4th  Quinquennium. 

17  Offices  . 
Carlisle 

Davies's  Equitable 
English  No.  2 
»       »  3 
(Office  S)  . 

99-03 
91-35 
89-80 

96-  75 

97-  41 

95-77 
95-22 
87*09 
75-63 
67-49 
89-05 

3-26 
-  3-87 
2-71 
21-12 

29-92 

99-32 
91-63 
89-67 

96-  84 

97-  39 

96-87 
9(5-27 

90-  24 
81-97 
75-97 

91-  94 

2-45 

-  4-64 

-  -57 
14-87 
2142 

5th  Quinquennium. 

6th  Quinquennium. 

17  Offices  . 
Carlisle 

Davies's  Equitable 
English  No.  2 

(Office  S)  . 

99-43 
92-05 
89-68 

96-  95 

97-  38 

97*51 
95-90 
9212 
85-69 
80-97 
93-66 

1-92 

-  4-85 

-  2-41 
11-26 
16-41 

99-48 
92-49 
89-72 
97-07 
97-40 

97-92 
97-30 

93-  32 
88-06 
84-14 

94-  76 

1-56 

-  4-81 

-  3-60 
9-01 

13-26 

7th  Quinquennium. 

8th  Quinquennium. 

17  Offices  . 
Carlisle 

Davies's  Equitable 
English  No.  2 
>>       j)  3 
(Office  S)  . 

99-50 
92-86 
89-80 
97-18 
97-41 
... 

98-19 
97-58 
9413 
89-62 
8625 
95-49 

1-31 

-  4-72 

-  4-33 
7-58 

11-16 

99-50 
93-12 
89-93 
97-24 
97-44 

93-  37 
97-77 

94-  68 
90-67 
87-66 

95-  97 

113 

-  4-65 

-  4-75 
657 
9-78 

9th  Quinquennium. 

10th 

Quinquen 

nium. 

17  Offices  . 
Carlisle 

Davies's  Equitable 
English  No.  2 

)>          »  3 

(Office  S)  . 

99-50 
93-31 
90-11 
97-28 
97-46 

98-48  1 
97-90  ! 

95-  04  j 
91-35 
88-57 

96-  28  1 

102 

-  4-59 

-  4-93 
5-93 
8-89 

i 

99-49 
93-44  ! 
90-28 
97-30 
97*47  j 

1 

98-55  i 
9799 

95-  27  I 
91-76  ! 
89-11  i 

96-  47  ! 

1 

•94 

—  j-55 

-  4-99 
5-54 
8-36 
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Briefly  summarized  the  results  are  as  follows  : — 

17  Offices. — The  net  reserve  improves  1  per-cent  in  30  years 
and  then  remains  stationary,  whilst  the  mixed  improves  10  per-cent 
in  the  same  time,  and  continues  thenceforward  to  approach  nearer 
to  the  HM  net  value.  The  difference  between  the  net  and  mixed 
reserves  decreases,  at  first  rapidly,  and  then  more  slowly,  but  the 
balance  would  always  be  in  favor  of  the  net  reserve. 

Carlisle. — The  net  reserve  improves  slowly  throughout,  gaining 
2*22  per-cent  in  50  years;  but  the  mixed,  which  is  below  the  net 
at  the  first  valuation,  is  in  excess  at  the  second,  and  rapidly  improves, 
gaining  10*71  per-cent  in  the  50  years.  After  the  first  quin- 
quennium, then,  a  Carlisle  mixed  valuation  requires  a  larger  reserve 
than  one  by  the  net  premium  method. 

Davies's  Equitable. — The  net  falls  off  *90  per-cent  in  the  first 
four  valuations,  and  then  slowly  improves;  and  at  the  end  of  50 
years  is  '29  per-cent  less  than  at  the  first  valuation.  The  mixed 
rapidly  improves,  and  passes  the  net  at  the  fourth  valuation,  and 
at  the  tenth  is  4*99  per-cent  in  excess  of  the  net.  Hence  a  Davies's 
Equitable  mixed  valuation  requires,  after  the  third  quinquennium, 
a  higher  reserve  than  the  net. 

English  No.  2. — The  net  improves  slowly,  the  mixed  rapidly, 
but  the  balance  is  always  in  favor  of  the  net. 

English  No.  3. — The  net  is  almost  stationary,  whilst  the 
mixed  rapidly  improves;  still  the  balance  is  always  in  favor  of  the 
former. 

A  valuation  on  the  principle  of  office  S  rapidly  improves;  it  is 
always  below  the  17  Offices  net  and  mixed  values,  but  is  better 
than  a  Carlisle  or  Davies's  Equitable  net  valuation  at  and  after 
the  fourth  quinquennium;  is  in  excess  of  a  Davies's  mixed  through- 
out, but  below  a  Carlisle  mixed ;  apparently  it  is  always  below 
the  English  2  and  3  net  values,  but  much  superior  throughout  to 
a  mixed  valuation  by  either  table. 

Turning  again  to  Table  F,  we  see  that  in  consequence  of  the 
small  reserve  made  by  (Eiiia)  at  the  first  valuation,  the  amount 
represented  to  be  divisible  as  profit  is  very  large.  I  do  not  mean 
to  suggest  that  any  actuary  would  advise  the  distribution  of  so 
large  a  proportion  as  95  per-cent  of  the  funds  in  hand;  but 
bearing  in  mind  the  high  rates  of  expenditure  assumed,  the  example 
clearly  shows  the  extent  to  which  wasteful  expenditure,  or  other 
unfavorable  circumstances  in  starting  a  company,  may  be  concealed 
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by  employing  a  specious  and  unsound  method  of  valuation. 
Moreover,  the  effect  on  the  reserves  and  profits  would  be  still 
more  marked  if  the  new  business  increased  year  by  year ;  but  I 
should  observe  that  a  reduction  in  the  expenses,  by  adding  a 
constant  quantity  to  the  profits  of  all  the  offices,  would  materially 
reduce  the  percentages.  The  smaller  reserves  made  by  the  offices 
valuing  by  the  mixed  or  Mr.  Sprague's  methods,  allow  of  a  larger 
distribution  for  the  first  three  quinquenniums  only;  at  the  fourth, 
all,  except  a  trifling  and  final  excess  for  the  two  Carlisle  offices, 
are  below  the  (H>),  (Eiii#),  with  24  per-cent  less  reserve,  making 
a  distribution  of  7  per-cent  less  profit;  and  thenceforward  as  the 
percentages  of  reserve  increase,  those  of  profit  decrease. 

According  to  the  conditions  laid  down  in  Mr.  Sprague's  paper, 
before  referred  to,  the  policies  in  Office  (S)  would  rank  for  the 
purpose  either  of  surrender  or  of  distribution  of  bonus,  as  if  they 
had  been  taken  out  at  age  (cc+1).  Assuming,  then,  that  a  policy 
on  which  three  premiums  had  been  paid,  be  surrendered  for  one- 
third  of  two  premiums ;  by  the  time  the  surrender  values  in  Table 
E  attained  a  constant  amount,  a  saving  of  £775  per  annum  would 
be  effected  under  this  head,  and  the  rate  of  bonus  to  the  assured 
entitled  to  participate  would  for  some  time  after  the  fourth  quin- 
quennium be  in  excess  of  that  allotted  to  entrants  in  the  same 
year  in  Office  (Km);  but  as  the  benefits  granted  would  thus  be 
different  in  the  two  offices,  a  further  comparison  (into  which  I 
have  not  thought  it  advisable  to  go)  would  have  to  be  made,  in 
order  to  test  the  relative  merits  of  the  two  systems. 

Considering  the  very  wide  limits  between  which  the  reserves 
and  profits  vary  at  the  first  valuation,  one  cannot  but  see  that  an 
increase  or  falling  off  in  the  new  business  transacted  during  any 
quinquennium  would  have  an  important  bearing  on  the  reserves 
and  profits  brought  out  at  a  valuation  by  the  methods  in  question. 
In  order  to  throw  some  light  on  this  point,  I  have  supposed  no 
new  business,  and  double  new  business,  to  have  been  transacted 
during  the  five  years,  6-10,  or  26-30,  or  51  to  55,  the  rates  of 
expenditure  remaining  in  all  cases  as  previously  assumed,  and  the 
results  are  shown  in  Tables  I,  K,  and  L. 
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Table  I. 


Years  6  to  10. 

! 

Office. 

Reserve. 

Percentage  of  Hm  Reserve. 

No 

Double 

No 

Ordinary- 

Double 

New  Business. 

New  Business. 

New  Business. 

New  Business. 

New  Business. 

Eiiia 

/U  44 

OU  oD 

4U 

„  b 

78,227 

115,047 

70-44 

60  93 

55-81 

En  a 

86,439 

114,019 

'  77-81 

6319 

55*31 

„  b 

86,439 

132,919 

77-84 

69  15 

64-48 

El  a 

86,395 

114,031 

7780 

63-18 

55-31 

«  b 

86,395 

135,207 

77-80 

69-86 

65-59 

97,969 

158,629 

88-22 

80-89 

76-95 

„  ^ 

97,969 

168,381 

88-22 

83-97 

8168 

C  a 

106,214 

189,226 

95-65 

93-13 

91-79 

„  b 

108,214 

192,618 

95-65 

94-39 

93-43 

0  a 

106,784 

190,126 

96-16 

93-60 

92-23 

„  ft 

106,784 

190,734 

96-16 

93-79 

92-52 

Hm 

111,050 

206,164 

S 

99,350 

165,738 

89-46 

83-56 

80-39 

Years  26  to  30. 

Eiiia 

786,100 

790,936 

88-37 

84-14 

80*33 

„  ft 

786,100 

822,920 

88-37 

85-85 

83-58 

Eji  a 

811,393 

838,973 

91-22 

88-06 

85-21 

„  ft 

811,393 

857,873 

91-22 

8907 

87*13 

Ei  a 

810,206 

837,842 

91-08 

87-93 

85*09 

»  ft 

810,206 

859,018 

91-08 

89-06 

87*24 

D  a 

844,195 

904,855 

94-90 

93-32 

91-90 

„  ft 

844,195 

914,607 

94  90 

93-81 

92-90 

C  a 

870,310 

953,322 

97-84 

97-30 

96*82 

„  ft 

870,310 

956,714 

97*84 

97'48 

97-16 

0  a 

875,929 

959,271 

98-47 

97*92 

97*42 

„  ft 

875,929 

959,879 

98-47 

97-95 

97*49 

889,538 

984,652 

s 

854,780 

921,168 

96-09 

94-76 

93*55 

Years  51  to  55. 

Enia 

1,393,110 

1,397,946 

92-06 

89-40 

86-91 

,  ft 

1,393,110 

1,429,930 

9206 

9043 

88-90 

En  a 

1,421,967 

1,449,517 

93-96 

91-98 

9012 

„  ft 

1,421,967 

1,468,417 

93-96 

92-59 

91*29 

Et  a 

1,419,891 

1,447,527 

93-82 

91-85 

89-99 

h 

1,419,891 

1,468,703 

93-82 

92-53 

91-31 

I)  a 

1, 1 58,607 

1,519,267 

96-38 

95-39 

9  1-45 

»  ft 

1,458,607 

1,529,019 

96-38 

95-70 

9506 

C  a 

1,488,618 

1,571,630 

98-36 

98-03 

97-71 

„  ft 

1,488,618 

1,575,022 

98-36 

9814 

97-92 

0  a 

1,497,19  I 

1,580,536 

98-93 

98-59 

9826 

„  ft 

1,197,194 

1,581,144 

98-93 

98-61 

9830 

1,513,378 

1,608,492 

S 

1,474,150 

1,540,538 

97-41 

96-57 

95  77 

J 
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Table  K. 


Years  6  to  10- 

—Expenses  29-25  per-cent. 

Office. 

SURPLUS. 

Percentage  of  Hm  Surplus. 

No 

Double 

No 

Ordinary 

Double 

liC»V    JLj  I L  o  i  1 1 L  «s  o . 

1>  c  W   JL>  UoIHcbb. 

New  Business. 

New  Business. 

1\GW  JDUbllltJob  . 

Enia 

-  18,667 

103,689 

—  370*30 

201*67 

279-34 

»  b 

+  1,362 

91,734 

+  27-02 

220-82 

247-13 

En  a 

-  12,637 

86,975 

-250-68 

176-32 

234-31 

„  b 

802 

79,910 

-  15-91 

187-64 

215-28 

El  a 

-  12,557 

86,999 

-249-10 

176-57 

234-38 

„  b 

+  703 

79,083 

+  13-95 

189-25 

21305 

D  a 

-  3,453 

63,079 

-  68-50 

141-43 

169-94 

„  b 

+  2,654 

59,434 

+  52-65 

147-26 

160-12 

C  a 

2,299 

46,479 

45-61 

115-70 

125-22 

„  b 

4,423 

45,211 

87-74 

11772 

121-80 

0  a 

1,935 

45,185 

3839 

113-19 

121-73 

„  b 

2,316 

45,558 

45-94 

113-55 

12273 

H> 

5,041 

37,119 

S 

-  1,247 

59,557 

-  24-74 

138-31 

160-45 

Years  26  to  30 — Expenses  14*6  to  13  per-cent. 

Ema 

62,025 

220,479 

47-28 

85-45 

110-57 

„  b 

82,054 

208,524 

6253 

87-89 

104-58 

En  a 

79,564 

215,274 

60-64 

89-18 

107-96 

„  b 

91,398 

208,208 

69-65 

9062 

104-42 

Ei  a 

79,719 

215,373 

60-75 

89-26 

108-01 

„  b 

92,980 

207,458 

70-86 

90-87 

104-04 

D  a 

105,069 

207,699 

80-07 

94-60 

104-16 

„  J 

111,176 

204,054 

84-72 

95-35 

102-34 

C  a 

122,325 

202,603 

93-22 

98-28 

101-61 

„  b 

124,449 

201,335 

9484 

98-54 

100-97 

0  a 

122,257 

202,204 

93-17 

98-14 

101-41 

>,  b 

122,637 

201,977 

93-46 

98-19 

101-30 

Urn 

131,219 

199,395 

s 

108,443 

205,345 

82-64 

94-91 

102-98 

Years  51  to  55 — Expenses 

13  per-cent. 

Enia 

97,496 

257,582 

53-09 

81-24 

101-64 

„  b 

117,525 

245,627 

64-00 

83-09 

9692 

En  a 

118,876 

256,218 

64*74 

85-82 

101-10 

n  b 

131,712 

250,154 

71-73 

86-91 

98-71 

Ei  a 

118,446 

255,732 

64-50 

85-61 

100-91 

„  b 

131,706 

247,816 

71-73 

86-83 

97-78 

148,679 

252,941 

8097 

91-89 

99-81 

„  i 

154,785 

249,295 

84-29 

92-45 

98-37 

C  a 

170,095 

252,005 

92-63 

96-58 

99-44 

b 

172,220 

250,738 

93-79 

96-77 

98-94 

0  a 

172,312 

253,892 

93-84 

97-52 

10018 

„  b 

172,693 

253,665 

94-05 

97-55 

100-09 

Urn 

183,627 

253,435 

s 

155,905 

254,439 

84-90 

93-89 

100-40 
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Table  L. — Showing  the  amount  of  Profit  derived  from  New 
Business  of  £300,000  per  annum. 


Office. 

Years 

6-10. 

Years  26-30. 

Years  51  to  55. 

Surplus. 

Per-cent  of 
HJI  Office. 

Surplus. 

Per-cent  of 
HM  Office. 

Surplus. 

Per-cent  of 
HM  Office. 

„  b 
En  a 
b 

Ei  a 
»  b 
D  a 
»  b 
C  a 
n  b 
0  a 
b 

S 

61,178 
45,186 
49,806 
40,356 
49.778 
39,190 
3o,Zbb 
28,390 
22,090 
20,394 
21,925 
21.621 
16,039 
30,402 

381-4 
281-7 
310-5 
2516 
310-4 
244-3 
207*4 
177-0 
137-7 
127-2 
136-7 
134-8 

189-6 

79,227 
63,235 
67,855 

67,827 
57,239 
51,315 
46,439 
40,139 
38,443 
39,974 
39,670 
34,088 
48,451 

232-4 
185-5 
199-1 

1  "71 

199-0 
167-9 
150-5 
1362 
117-7 
112-8 
117-3 
116-4 

142-1 

80,043 
64,051 
68,671 

68,643 
58,055 
52,131 
47.255 
40,955 
39,259 
40,710 
40,486 
34,904 
49,267 

229-3 
183-5 
1967 
lot"  / 
196-7 
1663 
149-4 
135-4 
117-3 
112-5 
116-9 
1160 

141-2 

In  Table  I  we  see  that  the  effect  of  a  falling  off  of  new  business 
will  be  to  increase  the  percentages  of  reserve  to  Hm}  the  increase 
becoming  less,  however,  with  the  advanced  age  of  the  office;  whilst 
the  issue  of  a  larger  amount  of  new  assurances  has  a  contrary 
effect;  the  limits  for  (Eni'i)  being  30-15  per-cent  at  the  first 
period  and  5*15  per-cent  only  at  the  last. 

In  Table  K  we  see  that  if  no  new  business  be  transacted,  there 
is  on  a  mixed  valuation  a  deficiency  for  (Eiii#),  which  is  370*30 
per-cent  of  the  (Hw)  surplus ;  whilst  double  new  business  gives  a 
surplus,  279*34  per-cent  of  the  amount  for  office  (IIm),  the  limits 
being  649*64  of  the  (Hm)  values.  These  at  the  second  period  are 
reduced  to  63*29  per-cent,  and  at  the  third  to  48*55  per-cent. 
The  new  business  produces  therefore  a  contrary  effect  on  the  profits 
and  reserves,  since  a  falling  off  of  new  business  increases  the  per- 
centages of  reserve  and  reduces  those  of  profit,  whilst  an  increase 
of  new  business  reduces  the  percentages  of  reserve  and  largely 
increases  those  of  profit. 

From  Table  K  we  obtain  Table  L,  which  shows  the  amount  of 
profit  extracted  from  the  new  business  in  the  three  periods  before 
mentioned.  By  Table  K  we  see  that  for  (Eina),  if  no  new  business 
be  done,  we  have  a  deficiency  of  18,667 ;  whilst  for  an  ordinary 
amount  we  have  a  surplus  of  42,511 — which  is  increased  to 
103,689  if  the  amount  of  new  assurances  be  doubled.  It  follows, 
then,  that  300,000  of  new  business  clears  off  the  deficiency,  and 
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moreover  creates  the  surplus ;  so  that  the  profit  derived  by  (Em«) 
from  the  new  business  is  61,178,  and  a  further  300,000  of  new 
business  adds  61,178  to  the  ordinary  surplus  of  42,511 — thus 
bringing  the  total  to  103,689.  If  we  take  the  (Hm)  office,  we  find 
when  no  new  business  is  done  a  surplus  of  5,041 — a  normal  amount 
gives  a  surplus  of  21,080,  so  that  the  profit  from  the  new  business 
is  16,039,  and  double  new  business  adds  this  last  amount  of  profit 
to  the  preceding,  bringing  the  total  surplus  to  37,119. 

The  amounts  in  Table  K  were  obtained  by  direct  calculation 
for  both  assumptions  as  to  new  business,  and  the  results  are  easily 
checked.  For  the  difference  of  profit,  when  no  new  business  and 
a  normal  amount  is  done,  is  equal  to  the  excess  of  profit  over  the 
amount  in  the  latter  case  when  a  double  amount  of  new  business 
is  transacted ;  and  by  means  of  Table  L,  and  the  reserves  at  the 
first  quinquennium  valuation  in  Table  F,  we  have  the  means  of 
ascertaining  what  would  be  the  reserve  and  surplus  for  any  other 
amount  of  new  business,  provided  it  be  constant  (or  nearly  so), 
during  the  quinquennium.  It  will  also  be  observed  that  the  excess 
of  profit  extracted  by  any  office  over  (Hm)  is  equal  to  the  difference 
in  the  amounts  of  reserve  or  profit  at  the  first  valuation  in  Table 
F;  that  a  constant  of  15,179,  added  to  the  amounts  of  profit  there 
stated,  gives  the  amount  extracted  at  the  valuation  in  the  10th 
year;  that  a  further  constant  of  18,049  added  to  the  preceding 
gives  the  amount  of  profit  derived  in  the  30th  year,  and  a  further 
constant  addition  of  816  gives  the  amount  for  the  55th  year. 
These  constants  represent  the  accumulated  saving  from  redaction 
in  expenditure.  The  amounts  in  Table  L  also  represent  what  would 
have  been  the  various  surpluses  in  the  first  quinquennium  in  Table 
F,  if  the  rates  of  expenditure  assumed  had  been  as  stated  in  Table 
K.  It  may  be  further  interesting  to  know,  that  if  the  expenses 
had  been  10  per-cent  only  during  the  years  6  to  10,  when  no  new 
business  was  done,  a  saving  of  no  less  than  34,150  would  have  been 
effected. 

With  reference  to  office  (S),  if  we  charge  a  part  of  the  expenses — 
equal  to,  say,  50  per-cent  of  the  first  premium — to  the  new  business, 
and  the  balance  to  the  renewals,  then  the  amounts  in  Table  L  no 
longer  represent  the  amount  of  surplus  derived  from  the  new 
business,  but  some  portion  is  due  to  the  reduced  rate  of  expenditure 
on  the  old  business. 

It  is  sometimes  stated,  when  valuations  are  made  otherwise  than 
on  the  pure  premium  method,  that  the  whole  of  the  loading  (under- 
stood to  mean  the  difference  between  the  office  and  the  original  net 
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premium)  has  been  reserved  for  future  expenses  and  profit ;  but 
how  can  this  be  so  in  the  case  of  (Em#),  where  the  reserve  at  the 
first  valuation  is  insufficient  to  pay  the  expected  claims  on  its 
outstanding  risks  ? — or  even  taking  any  other  of  the  offices  marked 
[a),  where  the  future  loading  is  already  mortgaged  to  repay  the 
negative  values  included  in  the  valuation  on  those  policies  which 
will  not  be  renewed  ?  Taking  credit  for  negative  values  is  an 
anticipation  of  future  profit,  which  is  duly  realized  on  those  policies 
that  are  kept  up,  but  lost  on  those  that  are  not;  and  the  profit 
expected  from  these  having  been  spent,  a  further  drain  on  the 
profits  of  the  older  policies  is  made  to  refund  the  amount  lost. 
The  above  statement  as  to  loading  can  never  be  correct  where  any 
amount  of  negative  values,  no  matter  how  small,  is  included  in 
a  valuation.  Moreover,  the  objection  to  these  is  much  greater  in 
practice  when  a  policy  is  valued  on  the  average  in  the  middle  of 
the  year  than  it  would  be  if  it  were  valued  when  the  premium  falls 
due ;  for  in  the  latter  case,  if  the  amount  of  the  negative  value 
be  divided  as  profit,  and  the  policy  dropt,  the  loss  would  be  small ; 
whilst  if  the  premium  be  paid,  it  would  more  than  cover  the  risk 
for  the  year  on  the  total  of  sum  assured  and  negative  value,  such 
being  the  amount  at  risk.  But  in  practice,  if  a  policy  for  1  be 
reckoned  as  an  asset  of  m,  no  reserve  is  made  for  the  unexpired 
risk ;  and  on  the  policy  becoming  a  claim  the  office  incurs  a  loss 
of  (1  +m).  It  is  not  therefore  sufficient  only  to  strike  out  negative 
values  when  they  occur  in  a  valuation,  but  a  reserve  to  meet  the 
current  risk  should  also  be  made,  or  otherwise  the  true  position 
of  the  office  cannot  be  ascertained. 

Mr.  Sprague's  method  of  valuation  suggests  a  very  simple  way 
of  meeting  heavy  expenditure  in  starting  a  company,  or  in  acquiring 
new  business,  or  a  deficiency  in  the  funds  arising  from  any  other 
cause.  But  if  it  be  attempted  to  do  this  by  valuing  the  net  pre- 
miums of  one  table  by  the  annuities  of  another,  in  order  to  avoid 
the  anomaly  of  negative  values,  such  net  premiums  should  first  be 
compared  with  the  risk  to  be  run,  and  should  not  be  valued  until 
the  assured  has  attained  a  valuation  age  (x  +  n),  when 

A-x+n    P  #('5  +  ax+n)  —  or>  -  g  , 

(or  say  until  Y'x  —  -&x+n),  and  up  to  that  time  at  each  investigation 
the  same  reserve  should  be  made  for  the  policy  as  for  a  term 
assurance. 
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Note. — Since  this  paper  was  completed,  Mr.  Sutton  has  sug- 
gested that  the  sum  assured,  instead  of  being  constant  for  all  ages 
at  entry,  increases  with  the  age  at  entry.  Assuming  this  to  be  so, 
it  may  be  interesting  to  know  what  effect  it  would  have  on  the 
values  given  in  Table  F ;  and  in  the  following  Table  M  I  have 
given  at  four  different  periods  the  percentages  of  the  various 
reserves  to  the  H",  taking  the  policies  issued  at  ages  20  and  25  for 
£80-42,  at  30  and  35  £98*47,  40  and  45  £118*61,  and  50  and 
upwards  for  £130.  As  this  however  increases  the  annual  new 
business  from  £300,000  to  £311,623,  I  only  give  the  percentages. 


Table  M. 


Increasing. 

Uniform. 

Difference. 

Increasing. 

Uniform 

Difference. 

(1) 

(2) 

C0-(2) 

(D 

(2) 

(l)-<2) 

Office. 

Age  of  Office 

5  Years. 

25  Years. 

Em 

11-58 

5-08 

6-50 

82-05 

80-97 

108 

En 

34-73 

29-C0 

5-73 

86-67 

85-69 

•98 

Er 

36-00 

29-06 

6-94 

86-80 

85-58 

1-22 

D 

70-43 

63-78 

6-65 

93-30 

9212 

1-18 

C 

92-62 

87*28 

5-34 

97*89 

9690 

•99 

0 

8S-99 

8762 

1-37 

97'75 

97-51 

•24 

s 

70-11 

69-80 

•31 

93-64 

93-66 

-  -02 

50  Years. 

70  Years. 

Em 

89-39 

89-11 

•28 

89'79 

89-59 

•20 

En 

92-07 

91-76 

•31 

92-36 

92-12 

•24 

Ei 

9207 

91-63 

•44 

92-36 

91-99 

•37 

D 

95-79 

95-27 

•52 

95-94 

95-47 

•47 

C 

98-49 

97-99 

•50 

98-53 

9S-C6 

•47 

O 

9S-65 

98-55 

•10 

98-70 

98-61 

•09 

s 

9635 

96-47 

-  -12 

96-49 

96-63 

-  -14 

It  will  be  seen  that  the  difference,  at  first  considerable,  is  much 
reduced  at  the  end  of  the  25th  year,  and  subsequently  becomes 
comparatively  unimportant. 

As  the  "  mixed"  offices  suffer  principally  from  negative  values  at 
the  younger  ages,  the  reduction  in  the  amounts  assured  is  beneficial 
to  them;  whilst  the  increase  at  the  older  ages,  where  the  Carlisle 
and  Davies's  Equitable  mixed  reserves  are  in  excess  of  the  Hm  net 
values,  improves  the  position  of  these  two  considerably.  The 
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contrary  occurs  with  office  S;  for  the  difference  in  the  reserves  by 
the  net  and  Mr.  Sprague's  methods  increases  with  the  age  at  entry; 
and  although  there  is  an  improvement  in  the  early  valuations  in 
consequence  of  the  heavier  reserve  for  policies  issued  at  the  advanced 
ages,  yet,  by  the  time  the  larger  proportion  of  assurances  issued  at 
the  younger  ages  comes  into  play,  the  position  of  the  office  is 
slightly  impaired  by  the  suggested  alteration. 


Actuarial  Notes. 

Mr.  JAMES  SORLEY,  of  the  Life  Association  of  Scotland, 
sends  us  the  following  Notes  : — 

i. 

Results  of  an  unsuccessful  attempt  to  graduate  a  Mortality  Table 
by  Makeham's  Method :  lx=tccf+x  -  \  ax . 

The  second  column  in  the  following  table  gives  the  unadjusted 
numbers  living  at  intervals  of  ten  years  of  age,  according  to 
observation  :  the  remaining  columns  give  the  numbers  living- 
according  to  five  attempted  graduations  : — 


Adjusted  by  means  of  Constants  found  from 

Age  x. 

Unadjusted. 

Ages 

Ages 

Mean  of 

Ages 

Mean  of 

30,  50,  70,  90. 

40,  60,  80,  100. 

(1)  and  (2). 

20,40,  60,  80. 

(1)  and  (4). 

(1) 

(2) 

(3) 

(4) 

(5) 

30 

100,000 

100,000 

100,309 

99,696 

100,168 

99,664 

40 

91,315 

92,505 

91,315 

90,573 

91,315 

90,691 

50 

83,030 

83,030 

81,622 

78,808 

81,678 

79,165 

60 

68,981 

69,598 

68,981 

61,191 

68,981 

61,976 

70 

49,953 

49,953 

49,087 

35,184 

48,986 

36,492 

80 

20,613 

25,214 

20,613 

9,159 

20,613 

10,195 

90 

5,726 

5,726 

1,717 

295 

1,786 

405 

100 

0 

213 

0 

0 

0 

0 

The  following  are  the  logarithms  of  the  various  constants : — 


(1) 

(2) 

(3) 

(4) 

(5) 

Log  tc 

5-0786  740 

5-114  0720 

5-096  3730 

5-111  0341 

5-094  85 11 

Log  a 

•0023  512 

•003  6958 

•003  0235 

•003  6094 

002  9S03 

-  -0006  970 

-  -000  0643 

-  -000  3807 

-  -000  0736 

-  -000  3853 

Log  q 

•0355  756 

•018  6767 

01-2  1261 

•0 17  9901 

•041  7828 
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After  adjustments  (1)  and  (2)  had  been  constructed  and  found 
unsatisfactory,  a  note  of  their  deviations  from  the  unadjusted  num- 
bers living  was  made  as  follows  : — 


Age. 

Deviation  of  (1). 

Deviation  of  (2). 

30 

0 

+  309 

40 

+  1190 

0 

50 

0 

-1408 

60 

+  617 

0 

10 

0 

-  866 

80 

+  4  601 

0 

90 

0 

-4  009 

100 

+  213 

0 

The  consideration  of  these  differences  led  to  the  conclusion 
that  a  nearer  approximation  to  the  truth  would  be  found  by  taking 
something  like  a  mean  of  the  two  tables.  In  order  to  attain  this 
object,  therefore,  without  sacrificing  the  property  of  "  uniform 
seniority",  a  mean  of  the  constants  was  taken,  and  (3)  constructed 
therefrom.  In  justification  of  this  course  may  be  quoted  the 
authority  of  Mr.  Woolhouse,  who,  in  graduating  the  HMF  table  by 
Gompertz's  formula,  adopted  a  similar  process  with  entire  success. 
Having  first  constructed  two  adjusted  life  lines  from  independently 
ascertained  constants,  he  next  made  a  note  of  their  differences  from 
the  ungraduated  numbers.  Then,  noticing  from  these  differences 
that  a  new  table  giving  the  living  at  each  age  of  first  curve 

+  of  second  curve,  would  be  a  better  representation  of  the  facts, 
he  simply  took  a  set  of  constants  in  the  same  proportions  respec- 
tively of  the  old  sets,  and  from  it  produced  a  table  standing  to  the 
two  others  in  almost  exactly  the  relation  desired.  (See  Journal, 
vol.  xv,  p.  405.) 

Although  such  a  close  agreement  was  hardly  expected  in  the 
present  case,  still  it  occasioned  considerable  surprise  to  find  curve  (3) 
falling  so  wide  of  the  mark,  as  from  the  table  it  will  be  seen  to 
do.  The  remaining  curves  proving  equally  unsuccessful,  made 
it  apparent  that  the  formula  would  not  apply  to  the  case  in 
hand. 

It  may  be  added  further,  that  after  a  very  successful  graduation 
by  Mr.  Woolhouse's  new  method,  a  final  attempt  to  use  Gom- 
pertz's  method  was  made,  by  determining  a  set  of  constants  from 
the  adjusted  numbers  living  at  30,  50,  70,  and  90,  and  from  them 
constructing  a  curve.  This  curve,  however,  also  failed ;  indeed  it 
did  not  differ  greatly  from  curve  (1)  above. 

vol.  xx.  2  a 
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The  preceding  suggests  the  enquiry — What  should  be  the  test 
of  a  satisfactory  graduation  ?  It  appears  to  me  that  if  the  adjusted 
probability  of  dying  in  a  year  will,  on  being  multiplied  into 
the  number  exposed  to  risk,  reproduce  the  actual  deaths,  this  is 
the  best  evidence  that  the  adjusted  table  expresses  the  essential 
teaching  of  the  data,  and  is  far  more  satisfactory  than  the  agree- 
ment of  annuity  values  before  and  after  graduation,  which  is  the 
test  adopted  by  Mr.  Sutton.  In  truth,  when  the  facts  are  some- 
what irregular,  especially  when  the  numbers  exposed  to  risk  differ 
greatly  and  suddenly,  the  adjusted  table  probably  ought  not  to 
give  annuity  values  agreeing  with  the  values  before  adjustment. 
On  the  other  hand,  a  little  consideration  will  show,  that  by 
whatever  formula  the  graduation  may  be  effected,  if  the  test  now 
advocated  be  insisted  upon,  we  insure  that  due  value  is  given  to 
the  weight,  as  well  as  to  the  indication  of  the  observation  at  each 
age. 

ii. 

On  the  Valuation  Reserve  necessary  for  Diseased  Lives;  and  for 
Female  Lives  subjected  to  an  extra  premium. 

Having  in  view  the  fact  that  one  class  of  lives  may  experience 
throughout  a  shorter  expectation  of  life  than  another,  while  the 
reserve  required  for  assurances  on  the  former  class  may  be  not 
only  not  greater  but  even  less  than  for  assurances  on  the  latter, 
it  appears  interesting  to  enquire  whether  it  is  necessary  on  the 
whole  to  make  an  increased  reserve  for  lives  classified  as  diseased 
and  charged  an  increased  rate  of  premium. 

The  Institute's  Experience  does  not  readily  afford  us  the  means 
of  settling  this  point,  as  no  pecuniary  results  have  been  deduced 
from  its  investigations  as  to  diseased  lives.  In  Mr.  Meikle's 
Observations  on  the  Mortality  of  Assured  Lives,  however,  there 
is  given  (page  51)  a  table  of  annual  premiums,  at  3  per-cent 
interest,  deduced  separately  from  the  total  healthy  lives  and  the 
total  diseased  lives  embraced  in  the  Scotch  Offices'  Experience. 
By  means  of  the  annuity  values  derived  from  these  premiums,  I 
have  constructed  the  following  table,  to  exhibit  the  effect  on  the 
reserve  of  the  different  laws  of  mortality  prevailing  in  the  two 
classes  of  lives.  The  relation  chosen  as  the  basis  of  comparison 
(distinguishing  the  functions  relating  to  diseased  lives  by  an  accent) 

a'  ft' 

may  be  expressed  thus  ^ffx>nfx  if  —  >    x+1  for  all  values  of  x. 

a.r        ft«4 1 
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Or,  in  other  words,  the  value  of  a  policy  according  to  the  experience 
of  diseased  lives,  is  uniformly  greater  than  the  value  of  a  policy 
according  to  the  experience  of  healthy  lives,  if  the  ratio  of  the 
annuity-due  by  the  former  experience  to  the  annuity-due  by  the 
latter  at  the  same  age,  continually  diminishes  as  the  age  increases. 
On  referring  to  the  table  it  will  be  found  that  this  is  actually  the 
case,  with  the  exception  of  a  slight  retrogression,  probably  arising 
from  accidental  causes,  at  ages  60  and  65. 


■A.'yQ  X. 

tx-X 

—  i 

a'.r 
a.r 

20 

22-595 

23-005 

■9822 

25 

21-225 

22-005 

•9646 

30 

20-100 

20-905 

•9615 

35 

18-917 

19-6S0 

•9612 

40 

17-460 

18-313 

•9534 

45 

15-895 

16-783 

•9468 

50 

14-198 

15108 

•9398 

55 

12-479 

13-292 

•9388 

60 

10-745 

11-406 

•9420 

65 

8-980 

9532 

•9421 

70 

7-194 

7*757 

•9274 

75 

5-421 

6-157 

•8810 

80 

3-726 

4-752 

•7841 

85 

2-128 

3-701 

•5750 

90 

0 

Since,  then,  it  is  seen  to  be  necessary  to  make  a  higher  reserve 
for  diseased  lives  taken  as  a  whole  (although  perhaps  it  might  not 
prove  to  be  required  for  all  classes  of  diseases  were  they  to  be 
investigated  separately),  the  question  suggests  itself — What  is  the 
best  way  in  which  this  may  be  done  ?  It  has  hitherto  been  a 
common  practice  to  value  all  assurances  accepted  at  an  extra 
premium  as  if  they  were  effected  at  a  higher  age,  corresponding 
to  the  premium  charged.  Unfortunately  we  cannot  at  present 
determine  from  existing  data,  without  a  good  deal  of  preliminary 
calculation,  whether  this  is  a  sufficiently  near  approximation  to 
the  truth — at  least  as  regards  diseased  lives. 

The  same  practice  is,  I  believe,  adopted  by  a  good  many  com- 
panies in  valuing  policies  on  female  lives,  which  up  to  about  age 
50  are  commonly  charged  an  extra  premium.  The  following  table, 
however,  constructed  in  the  same  manner  as  above,  shows  that  such 
a  mode  of  valuation  unnecessarily  swells  an  office's  reserves  : — 


2  a  2 
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Table  of  the  Ratio  a#(HF)  ~  a^(HM),  at  3  per-cent. 


Age  \x). 

Ratio. 

Age  (x). 

Ratio. 

20 

•9682 

60 

1-0573 

25 

•9678 

65 

1-0534 

30 

•9843 

70 

1-0528 

35 

•9999 

75 

1-0660 

40 

1-0148 

80 

1-1252 

45 

1-0323 

85 

1-0627 

50 

1-0463 

90 

1-2926 

55 

1-0548 

95 

2-0161 

We  learn  that  the  true  reserve  for  a  policy  on  a  healthy  female 
life,  instead  of  being  greater,  is  generally  less  than  the  reserve  for 
a  policy  on  a  healthy  male  life  of  the  same  age.  We  may  therefore 
infer  that  in  a  valuation  by  the  HM  table,  we  are  at  least  perfectly 
safe  in  neglecting  all  female  extras,  and  valuing  the  lives  at  their 
real  ages.  A  partial  set-off  against  any  excess  in  the  reserve  thus 
made  will  be  found  in  the  heavier  liability  for  current  risk  up  to 
age  47.  But  after  that  age  the  probability  of  dying  is  not  greater, 
but  less  than  that  of  the  HM  table;  and  one  cannot  help  thinking 
that,  if  female  lives  are  not  to  be  separated  altogether  from  male 
lives  and  valued  by  themselves,  it  would  be  more  correct  to  use 
the  HMF  table,  and  thus  give  an  assurance  company  at  its  valuation 
the  benefit  of  the  superior  vitality  of  those  females  on  its  books 
who  have  survived  the  child-bearing  period. 


Mr.  DAVID  J.  A.  SAMOT,  Actuary  of  the  National  Life 
Insurance  Company  of  Rotterdam,  sends  us  the  following : — 

/.  Formulas  for  the  Values  of  Endowment  Policies  that  have 
been  in  force  a  given  number  of  years. 

(a)  When  the  premiums  are  not  returnable  : — 

The  value  of  an  endowment  policy,  without  return  of  premium, 

after  it  has  been  one  year  in  force,  is,  when  the  premium  is  paid 

yearly — 

k.P,£l  ■(!  +  ») 

or,  dividing  both  numerator  and  denominator  by  (l+i)x+l, 

D    P  n 
  J-7.}-  •  1  xn\ 

Do;+l 
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The  value  after  two  years  is  :  D»-P«*l  +  P»+'-P^ 

=  P»5!(PJ,  +  DJ+i)> 

For  the  value  after  t  years,  we  thus  have  by  analogy : 
Pjl(Da,  +  Da,+  i  +  DJ,+a  +  +P*+*-i) 

-  N*-i~N*+*-i   p  1 

—  -n  •  *  xn\  • 

TW     Pi-        P*       -  D*  -      _  ®x+t  . 

Do, 

liAnPP  ^-1-"^  +  ^.!    p  1  _     1      p  I  _  ^Jl 

P*7|  rxj\ 

The  value  of  an  endowment  policy  on  x,  payable  in  n  years, 
after  it  has  been  t  years  in  force,  is  thus  equal  to  the  annual 
premium  for  that  endowment,  divided  by  the  annual  premium  for 
an  endowment  of  1  on  x>  payable  in  t  years. 

(b)  When  the  premiums  are  returnable  : — 

Let  P  denote  the  premium  that  is  to  be  returned  for  every  paid 
annual  premium  if  x  might  die  before  attaining  the  age  x  +  n, 
then  the  value  of  the  policy  after  one  year  will  be : 

i  > 

or,  dividing  both  numerator  and  denominator  by  (l  +  i)x'hl, 

=  D^-C£1P 

The  value  after  two  years  will  be : 

{lx.^.{l^t)—dx.7  +  lx+l.^}(l+t)—2dx+l.T?t 

i  > 

or,  dividing  both  numerator  and  denominator  by  (l-\-i)x+2, 
_  Vx.*-Cx.V  +  Bx+l.*-2Cx+1.'P 

m  (Dx  +  Dg+ih-(cl  +  2Cg+1)P  ^ 
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Hence  the  value  after  t  years  will  be : 
(DJ?  +  Da?+i  +  Pa?+2+  +  jW- 1)« ~  (Cg  +  2  Cg+ 1  +  3  C^+2  +  +  f  P 

or,  representing  the  series  Cx  +  2Cx+i  +  +  tQ>x+t-\  by  the 

symbol  \t&x> 

-  (N.r-i-N^+,_>~;,Rv.P 

As  the  expression  NtT_!  — N^-i,  as  well  as  \t~Rx,  have  been 
used  respectively  for  calculating  the  premiums  P  and  -us  y  the 
values  of  policies,  according  to  this  formula,  may  be  speedily 
computed,  principally  by  making  use  of  a  table  of  Gauss's 
logarithms. 

The  following  is  an  example  of  the  calculation  : — 

To  find  the  value  of  an  endowment  policy  of  1,  on  a  person  of 
the  age  11,  payable  in  20  years,  after  it  has  been  15  years  in  force; 
the  annual  premium  paid  being  *03156..,  and  the  premium  to  be 
returned  '02998..,  according  to  the  HM  Table,  4  per-cent.  For 
this  case,  the  value  required 

_  (Nn-x-Nn+M-Q  x  -03156- Utg  x  -Q2998 

(N10_N25)  x  -03156-lfRx  x  -02998 
D26 

log  (N,„-N25)  =  5-8629131       log  \tnx  =4-4393872 
„  -03156      =8-4991370        „  -02998  =  8-4768943 


4-3620501  2-9162815 


If  we  put  4  3620501 = log  a 

and  2-9162815  =  log  b,  we  find 
B  =  (log  a— log  b)  =  1-4457686 
A  =  1-4299228 
log  6=2-9162815 

—  + 

4-3462043  =  log  (a -b) 


According  to  the 
seven-figure  table  of 
>    Gauss's   Logarithms  t 
published    by  Prof. 
Wittstein. 


Thus  we  have  for  the  logarithm  of  the  value  required 
log  (a— J) —log  D26 

=  4-3462043- 1-5230129-9-8231914-10 ; 

or,  for  the  value  itself,  'G6557. 

If  P  —  s/^j,  or  the  premium  is  to  be  wholly  returned,  our 
formula  becomes : 
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But  AT        J?x+t      ,  p   =  <J  ,  and  thus  : 

N^!  — Na?+#_i  — k      ,  i  1  /  1  tsr 


/  i 


X  w  rjT  =  — r  X  w  == 


T^  xn\  —     ,  i   ~  -  xn\  —      ,  i  ' 

We  find  thus  for  the  value  of  a  policy,  whereon  the  whole 
premium  paid  is  to  be  returned,  a  formula  analogous  with  that  for 
a  policy  without  return  of  premium. 

When 

As  jt;  is  always  small,  compared  with  &xl\  and  &Jt\,  we  have 
approximately  : 

(Na._i  —  Na.+^_1)ro,a.^]  —  l^Rr .  Pa.:^5  Cj^i 

77.  Method  of  interpolating  the  Values  of  Premiums  for  Endow- 
ments and  Endowment  Assurances,  when  these  are  given 
only  for  certain  intervals  of  age. 

The  most  common  practical  mode  of  interpolating  premiums, 
which  are  not  given  in  tables,  that  only  contain  the  premiums  at 
intervals,  say  of  five  years,  consists  in  considering  those  premiums 
as  increasing  or  decreasing  between  the  calculated  premiums  with 
equal  first  differences.  According  to  that  mode,  the  interpolation 
for  finding  the  annual  premium  for  an  endowment  assurance  of 
100,  from  the  table  in  Hardy's  book,  p.  113,  for  ,2  =  55  and 
#  +  n  =  64,  would  be  : 

Given  premium  for  55-60  =  18*45 
55-65=  9-10 


935 


1-87 
910 


10*97  =  premium  required. 
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But  as  the  true  premium  for  this  case  is  only  10*  10,  the 
interpolated  premium  is  by  #87  too  great. 

Looking  at  the  large  errors  which  this  mode  of  interpolation 
gives  in  some  calculations,  I  have  devised  a  new  one,  which 
produces  remarkably  accurate  results,  and  which  may  in  practice 
be  used,  when,  in  tables  of  annual  premiums  for  endowments  and 
endowment  assurances,  and  other  such-like  tables,  the  numbers 
are  only  given  at  certain  intervals  of  age. 

A  few  examples  will,  no  doubt,  suffice  to  give  an  insight  into 
the  process,  and  illustrate  at  the  same  time  the  difference  between 
the  old  and  new  methods  of  interpolation. 

For  the  above-given  case,  the  new  method  of  calculation  is : 

n=9 


18-45  x 

5=9225 

U  X 

6= 

92-00(  =  92-25 --25) 

Z  X 

7  = 

9175(  =  92-00--25) 

yx 

8= 

91-50(=91-75--25) 

X  X 

9= 

91-25(  =  91-50--25) 

9-10  x  10=91-00 


5)  1-25 

•25  91^5  _  iQ.i4=premium  required. 

The  true  premium  being  10-10,  the  difference  is  =  +-04. 
For  x  =55,  a? +  71  =  61,  thus  n=6,  we  find,  from  the  same 
calculation,  by  the  old  method  16-58,  and  by  the  new  one 

94™  =  15-33. 
6 

As  the  true  premium  is  15-28,  the  errors  are  respectively : 

+  1-30  and  +-05. 
For  07=42,  and  x  +  n=4>7,  we  have  : 

Old  Method.  New  Method. 

42-45  =  30-37  )  Hardy's  book,  30  87  x  3 = 92-61 
42-50  =  1077)      P-112.  10-77x8  =  8616 


5)2010  6-45x3  =  19-35-=- 5 

  1  9  S  Y  J   

402x3=1206  3-87 

10-77  8616 


22-83  5)90-03 


1801 
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The  true  premium  being  17*96,  the  errors  are  22*83  1801 

17-96  17-96 

+  4-87  +  -05 

For  #  =  30,  x  +  n  =  52  ;  and  #=25,  #4-^  =  48;  we  get  in  the 
same  wav  the  errors  : 

V 


Old  Method. 

New  Method. 

327 

3-22 

321 

3-21 

+  -06 

+  -oi 

301 

2-97 

2-96 

296 

+  -05 

+  -01 

As  this  new  mode  of  interpolation  thus  gives  only  a  very  little 
error  on  the  side  of  safety,  we  may,  I  believe,  conclude  that  it  can 
advantageously  be  employed  whenever  we  cannot  easily,  or  quickly, 
compute  the  real  premium. 

DAVID  J.  A.  SAMOT. 

Rotterdam,  21  April  1877. 


Life  Insurance  and  Suicide.     By  J.  W.  Eastwood,  M.D.Edin., 
M.R.C.P.Lond.,  Dinsdale  Park,  Darlington. 

[Abridged  from  the  British  Medical  Journal,  17th  February  1877.] 

In  looking  over  the  rules  of  a  few  insurance  societies,  I  could  not 
avoid  observing  the  want  of  unanimity  which  prevailed  with  respect 
to  the  manner  in  which  they  deal  with  suicides  whose  lives  have 
been  insured.  This  induced  me  to  take  up  the  subject,  and  obtain 
all  the  information  I  could  from  the  different  offices  in  England 
and  Scotland.  My  information  is  gained  from  eighty-one  out  of 
ninety-two  offices,  and  from  the  actuaries  or  secretaries  of  several 
of  these  I  have  received  valuable  assistance  and  useful  facts.  The 
ways  are  so  various  in  which  the  different  companies  treat  this 
subject,  that  it  is  not  easy  to  classify  them  briefly.  The  general 
rule  is,  that  a  life  policy  is  forfeited  by  suicide,  whether  the  assured 
has  been  of  unsound  mind  or  not ;  and  the  following  rule  occurs 
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so  frequently,  that  it  may  be  quoted  to  represent  a  very  large 
proportion,  which  I  cannot  accurately  ascertain,  of  all  the  insurance 
companies. 

"  Assurances  in  this  company  made  by  persons  on  their  own 
lives  who  shall  die  by  their  own  act,  whether  sane  or  insane,  or  by 
duelling,  or  by  the  hands  of  justice,  shall  become  void  so  far  as 
respects  such  persons,  but  shall  remain  in  force  so  far  as  any  other 
person  or  persons  shall  then  have  acquired  a  bond  fide  interest 
therein  by  assignment  or  by  legal  or  equitable  lien ;  the  extent  of 
such  interest  to  be  proved  to  the  satisfaction  of  the  directors." 

Some  offices  act  literally  upon  this  rule,  whilst  others,  retaining 
the  rule,  modify  it  according  to  individual  cases,  so  that  their 
practice  is  more  liberal  than  the  rule  itself  warrants.  Some  of  the 
companies  return  a  portion  or  the  whole  of  the  premiums  paid, 
others  pay  part,  or  the  whole  of  the  sum  assured,  the  directors 
judging  according  to  circumstances ;  some  refuse  to  pay  anything, 
if  the  suicide  be  shown  to  be  sane ;  others,  again,  make  no  differ- 
ence between  the  sane  and  the  insane.  Occasionally,  the  directors 
weigh  the  evidence  as  to  felo  de  se  and  judge  accordingly.  A  few 
are  more  liberal  and  pay  in  full,  as  though  the  assured  had  died  a 
natural  death ;  and  a  considerable  proportion  pay  the  policy,  if  a 
certain  time  have  elapsed  after  the  insurance  has  been  effected. 
The  following  table  shows  the  numbers,  as  far  as  I  can  obtain  them 
accurately. 

5  always  pay  without  any  conditions,  and  these  are  the  Mutual, 

New  York,  Northern,  Positive,  and  Standard. 
2  pay  after  6  months'  insurance. 
8       „       12  or  13  months'  insurance. 


3  years'  insurance. 

4  years'  „ 

5  years' 
7  years' 


4 
1 
12 
1 

48  pay  according  to  the  discretion  of  the  directors. 
81  Total. 


In  the  last  class,  the  payments  are  more  or  less  liberal,  and  the 
directors  do  that  which  seems  right  to  them,  and  act  according  to 
circumstances.  There  is  much  uncertainty  in  this  practice,  for 
there  appears  to  be  no  distinct  principle  involved  which  is  allowed 
to  guide  them  in  their  mode  of  dealing  with  the  insured.  In 
those  companies  in  which  the  policy  becomes  a  positive  one  after 
the  lapse  of  a  certain  time,  if  the  assured  commit  suicide  before 
that  time  the  directors  are  willing,  in  some  instances,  to  take  the 
case  into  consideration  and  to  return  part  or  the  whole  of  the 
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premiums,  or  make  some  allowance.  Very  few  of  them,  however, 
look  upon  the  matter  as  a  question  of  disease,  or  consider  that 
there  is  great  difficulty  in  ascertaining  that  the  person  who  has 
committed  suicide  is  really  of  sound  mind.  Coroners*  inquests 
are  not  to  be  relied  upon  for  such  a  purpose,  as  it  is  now  compara- 
tively rare  to  return  the  verdict  as  one  oifelo  de  se.  The  expression, 
st  Died  by  their  own  hands**,  has  been  suggested  to  form  part  of 
the  rule  on  this  subject;  but  this  term  is  objectionable,  as  it  would 
include  accidental  deaths,  including  a  recent  case  where  an  outward 
application  was  taken  by  mistake  for  medicine.  There  is,  however, 
a  decided  tendency  amongst  insurance  offices  to  regard  the  act  of 
suicide  as  the  result  of  disease.  Without  absolutely  saying  that, 
in  every  case  it  ought  to  be  so  regarded,  it  is  very  certain  that 
there  are  few  exceptions ;  for,  even  where  the  act  is  the  result  of 
a  sudden  reverse  of  fortune  or  domestic  calamity,  the  shock  to 
the  nervous  system  is  so  great  as  to  prevent  the  individual  from 
recovering  from  the  effects  and  thus  bearing  his  misfortunes. 
Such  cases  as  these  are  as  much  to  be  pitied  as  any  other,  and  it  is 
sad  to  see  that  assurance  companies  act  on  a  principle  which  increases 
the  distress  of  a  family,  instead  of  being  the  means  of  producing 
some  measure  of  comfort.  The  result  of  my  inquiries  has  fully 
satisfied  me  that  insurance  societies  have  made  too  great  a  bugbear 
of  suicide,  and  have  probably  rather  injured  their  business  than 
otherwise  by  making  such  penal  rules  as  are  generally  adopted, 
although  their  practice  has  usually  been  more  lenient.  From  the 
prospectus  of  the  Mutual,  I  quote  the  following  passage. 

"  Suicides  are  abhorrent  to  the  English  mind,  and  in  this 
country  at  least  it  may  be  safely  held  that  suicide  is  always  the 
result  of  a  diseased  mind.  The  new  rule,  freeing  policies  from  the 
risk  of  being  vitiated  by  suicide,  came  into  force  six  years  ago;  the 
experience  of  the  Society  as  to  suicide  over  five  periods  of  six  years 
each  is  as  follows. 


1844-1849  ...  Percentage  of  suicide  to  claims  ...        ...  1*7 

1850-1855  ...  „  „    1-0 

1856-1861  ...  „  „    2-3 

1862-1867  ...  „  „    1*9 

1868-1873  ...  „  „    0-9 


"  These  figures  are  somewhat  remarkable,  and  although  it  would 
be  absurd  to  suppose  that  the  new  rule  prevented  suicide,  yet  it  is 
clear  that  it  has  not  stimulated  it  as  a  practice.  The  experience 
of  the  Mutual  thus  shows  that  the  risk  of  an  Englishman  taking 
away  his  own  life,  in  order  that  his  family  may  reap  the  benefit 
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of  his  assurance  money,  has  been  hitherto  overestimated,  and  that 
it  is,  in  fact,  so  small  as  to  be  inappreciable." 

On  the  other  side,  one  manager  writes  to  me  and  says  that  he 
has  "  long  had  an  impression  that  the  usual  condition  of  forfeiture 
may  in  some  cases  operate  as  a  protection  to  the  assured,  presenting 
a  consideration  that  may  influence  a  very  morbid  mind  to  abstain 
from  an  act  which  it  is  otherwise  disposed  to  commit."  This 
opinion  is  not  supported  by  any  facts,  but  it  is  not  at  all  unreason- 
able. Of  the  two  companies  which  act  upon  the  principle  of  only 
waiting  six  months  before  declaring  the  policy  positive,  or  nearly 
so,  the  Scottish  Provident  Institution  has  some  important  obser- 
vations in  its  report,  which  I  shall  quote.  It  says :  u  According 
to  a  strict  view,  suicide  should  be  a  cause  of  forfeiture  only  where 
it  has  been  committed  with  the  intention  of  defrauding  the  assurers. 
But  the  extreme  difficulty  of  obtaining  proof  that  such  was  the 
object  has  rendered  it  necessary  to  adopt  a  broader  rule,  which  has 
varied  in  the  regulations  of  different  assurance  societies.  In  some, 
there  is  a  forfeiture,  if  the  party  assured  die  by  his  own  hand, 
although  the  act  would  not  amount  to  felo  de  se;  while,  in  others, 
it  was  provided  that  he  must  be  held  felo  de  se,  and,  therefore,  of 
sound  mind.  The  former  rule  is  adverse  to  every  dictate  of  justice 
and  sound  feeling ;  for,  if  the  suicide  be  insane,  although  his  hand 
be  the  instrument,  his  malady  is  the  true  cause  of  death  as  much 
as  if  he  died  through  cholera  or  fever." 

There  is  another  point  on  which  there  seems  to  have  been  a 
general  agreement  amongst  the  directors  of  insurance  companies ; 
that  is,  the  necessity  of  taking  some  precaution  that  a  person  should 
not  insure  his  life  with  the  deliberate  intention  of  relieving  himself 
from  the  cares  and  troubles  of  this  life,  whilst,  at  the  same  time, 
his  concern  for  those  he  leaves  behind  him  is  such  as  to  impel  him 
to  insure  his  life.  It  is  difficult  to  obtain  instances  sufficient  to 
prove  anything  certain  on  this  subject,  as  the  only  evidence  at  my 
disposal  is  given  in  the  prospectus  of  the  Mutual  Society,  quoted 
above,  and  these  facts  show  that  a  more  liberal  arrangement  does 
not  increase  the  number  of  suicides  amongst  the  assured.  As  there 
are  only  five  offices  which  make  their  policy  certain  without  any 
conditions,  it  is  impossible  to  give  many  facts  j  but  it  appears  to 
me  that  the  occurrence  of  such  a  businesslike  and  deliberate  design 
of  suicide  must  be  very  unusual,  and  would  imply  an  amount  of 
"  method  in  madness"  which  is  extremely  rare,  or  which  does  not 
exist  at  all.  In  the  opinion  of  the  directors  of  the  Caledonian, 
which  is  the  second  company  that  requires  only  a  delay  of  six 
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months  before  accepting  the  policy  as  a  positive  one,  "the 
probability  is,  that  the  act  of  self-destruction,  would,  in  such 
circumstances,  follow  closely  the  taking  out  of  the  policy, 
and  the  knowledge  that  no  payment  would  be  made,  if  death 
occurred  in  that  way  within  six  months,  would  naturally  deter  a 
person  having  an  intention  of  the  kind  from  assuring  with  this 
company." 

There  is  still  another  subject  on  which  directors  have  been 
generally  unanimous,  according  to  the  reports  which  I  have  received. 
They  appear  to  have  been  more  influenced  by  a  commercial  spirit 
in  framing  their  rules  than  by  a  concern  for  the  welfare  of  the 
family  of  the  person  assured.  In  more  than  one-half  of  the 
reports — and  the  proportion  is  really  greater — it  is  stated  that  the 
policy  shall  remain  in  force,  under  any  circumstances  whatever, 
where  any  other  person  shall  have  acquired  a  bond  fide  interest  in 
it  by  assignment  or  by  legal  or  equitable  lien. 

I  have  not  been  able  to  ascertain  the  annual  number  of  suicides 
and  particulars  respecting  them.  From  one  society,  however,  I  have 
been  favoured  with  such  details,  and  the  number  of  deaths  of  this 
class  was  twenty-seven  during  thirty-six  years.  In  very  few  of 
the  cases  could  real  felo  de  se  be  proved ;  for,  in  some  instances, 
the  persons  were  found  drowned,  others  were  obviously  insane, 
whilst  in  some  the  cause  of  death  appears  to  have  been  accidental. 

The  following  are  Dr.  Eastwood's  principal  practical  con- 
clusions : — 

The  idea  of  a  person's  assuring  his  life,  and  then  deliberately 
committing  suicide,  is  of  such  rare  occurrence,  as  only  to  justify 
very  moderate  precautions. 

The  fact  of  a  person  having  insured  his  life  prevents  him  from 
committing  suicide  is  a  very  questionable  statement,  and  has  not 
been  proved  by  any  known  facts. 

The  present  restrictions  are  severe  and  unreasonable  towards 
those  who  are  almost  always  of  unsound  mind,  and  ought  to  be  done 
away  with  or  materially  modified. 

In  order  to  prevent  a  person  from  insuring  his  life  and  imme- 
diately committing  suicide,  my  opinion  is  that,  in  every  case,  the 
full  amount  of  the  policy  should  be  paid  after  thirteen  months ; 
that  is,  when  two  annual  premiums  have  been  paid.  This  would 
be  a  sufficient  protection  to  the  offices,  and,  if  death  took  place,  it 
would  not  appear  so  great  a  loss  to  the  family,  to  whom  the 
premiums  might  be  returned.    After  thirteen  months,  the  policy 
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should  be  a  positive  one,  and  the  question  of  soundness  or  unsound- 
ness of  mind  should  not  be  raised  at  all. 


In  the  preceding  paper,  Dr.  Eastwood  has  touched  upon  one 
point  in  connection  with  his  subject,  which  has  not  generally 
received   the  attention  it  deserves.     He   points  out   that  the 
expression  "died  by  their  own  hands "  is  objectionable,  as  it  would 
include  accidental  deaths ;  and  he  no  doubt  intends  to  imply  that 
a  man  cannot  be  said  to  commit  suicide  unless  he  intentionally 
takes  away  his  own  life.    This  is,  we  believe,  a  sound  distinction. 
It  was  brought  into  some  prominence  in  the  Belfast  trial  in  1868 — 
Thomas  Sinclaii^s  Executor  v.  The  Scottish  Widows9  Fund.  The 
company  there  alleged  that  the  deceased  committed  suicide,  the 
facts  being  that  he  insured  his  life  on  19  September  1866,  and 
died  on  2  January  1867,  in  consequence  of  a  fall  from  his  bed- 
room window,  he  being  then  in  an  unsound  state  of  mind.  Mr. 
Justice  Morris  in  his  charge  to  the  jury  stated  that,  if  the  deceased 
committed  suicide,  the  office  would  not  be  liable.    He  added  how- 
ever that,  if  he  were  not  bound  by  precedent,  he  would  consider 
the  more  logical  and  proper  construction  to  give  to  that,  would  be 
that  the  office  would  not  be  liable  if  "■  the  assured  took  away  his 
"  life  while  he  was  a  responsible  human  being.    But  it  has  been 
u  decided  otherwise,  and  we  must  take  the  law  as  we  find  it.    It  is 
"  now  settled  law  that,  if  he  took  away  his  own  life  intentionally, 
"  whether  he  was  at  the  time  of  sound  mind  or  not,  whether  he  was 
u  responsible  or  irresponsible,  the  company  are  not  bound  to  pay." 
This  being  the  law,  he  proceeded  to  point  out  that  it  was  necessary 
to  consider  what  was  the  intention  of  the  deceased.    It  is  "  one  of 
"  the  most  difficult  things  in  the  world  to  dive  into  the  minds  of 
"  sane  men"  ;  it  is  consequently  held  in  many  cases  that  persons  of 
sound  mind  must  be  judged  by  their  acts  and  not  by  their  inten- 
tions— in  short,  that  a  man  of  sound  mind  must  be  held  to  intend 
the  natural  consequences  of  his  acts.    The  difficulty  of  arriving  at 
the  intention  of  a  madman  must,  of  course,  be  much  greater. 
However  difficult  the  task,  it  was  the  duty  of  the  jury  to  undertake 
it,  and  to  ascertain  whether  Mr.  Sinclair  deliberately  intended  to 
destroy  his  own  life.    He  added,  "  The  question  now  to  consider 
a  in  this  case  is  this — Is  the  mode  or  means  by  which  Mr.  Sinclair 
"  met  his  death,  capable  of  any  explanation  except  that  he  intended 
"to  take  away  his  life?"    In  the  event,  the  jury  decided  that 
Mr.  Sinclair  did  not  intend  to  kill  himself,  but  had  some  other 
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object  in  view  when  he  got  out  of  his  bedroom  win  do  w,  such  as 
escaping  from  the  restraint  in  which  he  was  kept,  and  that,  conse- 
quently, he  did  not  commit  suicide.  The  company  accordingly 
had  to  pay  the  claim. — Ed.  J.  I.  A. 


Report  of  the  Committee  of  the  British  Association  [consisting  of 
W.  Spottiswoode,  F.R.S.,  Professor  Stokes,  F.R.S.,  Professor 
Cayley,  F.R.S.,  Professor  Clifford,  F.R.S.,  and  J.  W.  L. 
Glaisher,  F.R.S.),  appointed  to  report  on  Mathematical 
Notation  and  Printing,  with  the  view  of  leading  Mathematicians 
to  prefer  in  optional  cases  such  forms  as  are  more  easily  put  into 
type,  and  of  promoting  Uniformity  of  Notation, 

With  a  view  to  the  questions  referred  to  them  for  consideration, 
your  Committee  have  made  inquiries  into  the  nature  and  processes 
of  mathematical  printing,  and  the  difficulties  attendant  thereon; 
and  it  appears  to  them  that  a  statement  of  the  results  of  these 
inquiries,  will  form  the  best  introduction  to  the  suggestions  which 
they  have  to  make. 

The  process  of  "  composition "  of  ordinary  matter,  consists  in 
arranging  types  uniform  in  height  and  depth  (or  "body"  as  it  is 
termed)  in  simple  straight  lines.  The  complications  peculiar  to 
mathematical  matter  are  mainly  of  two  kinds. 

First,  figures  or  letters,  generally  of  a  smaller  size  than  those 
to  which  they  are  appended,  have  to  be  set  as  indices  or  suffixes; 
and  consequently,  except  when  the  expressions  are  of  such  frequent 
occurrence  as  to  make  it  worth  while  to  have  them  cast  upon  type 
of  the  various  bodies  with  which  they  are  used,  it  becomes  necessary 
to  fit  these  smaller  types  in  their  proper  positions  by  special  methods. 
This  process,  which  is  called  "justification",  consists  either  in 
filling  up  the  difference  between  the  bodies  of  the  larger  and 
smaller  types,  with  suitable  pieces  of  metal,  if  such  exist;  or  in 
cutting  away  a  portion  of  the  larger,  so  as  to  admit  the  insertion  of 
the  smaller  types. 

The  second  difficulty  arises  from  the  use  of  lines  or  "rules", 
which  occur  between  the  numerator  and  denominator  of  fractions, 
and  (in  one  mode  of  writing)  over  expressions  contained  under 
radical  signs.  In  whatever  part  of  a  line  such  a  rule  is  used,  it  is 
necessary  to  fill  up,  or  compensate,  the  thickness  of  it  throughout 
the  entire  line.  When  no  letters  or  mathematical  signs  occur  on 
a  line  with  the  rule,  the  process  is  comparatively  simple;  but  when, 
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for  example,  a  comma  or  sign  of  equality  follows  a  fraction,  or  a  + 
or  —  is  prefixed  to  it,  the  middle  of  these  types  must  be  made  to 
range  with  the  rule  itself,  and  the  thickness  of  the  rule  must  be 
divided,  and  half  of  it  placed  above  and  half  below  the  type. 

The  complications  above  described  may  arise  in  combination,  or 
may  be  repeated  more  than  once  in  a  single  expression;  and  in 
proportion  as  the  pieces  to  be  "justified"  become  smaller  and  more 
numerous,  so  do  the  difficulties  of  the  workman,  the  time  occupied 
on  the  work,  and  the  chances  of  subsequent  dislocation  of  parts 
augment. 

The  cost  of  "composing"  mathematical  matter  may  in  general 
be  estimated  at  three  times  that  of  ordinary  or  plain  matter. 

With  a  view  of  illustrating  these  remarks,  we  have  taken  as  an 
example  an  expression  of  not  unfrequent  occurrence  in  mathematics, 
but  of  considerable  difficulty  to  the  printer;  and  have  marked  out 
in  compartments  the  different  types  of  which  it  has  to  be  composed. 
The  shaded  parts  represent  the  "justification"  spoken  of. 

A. 


B. 
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There  are  many  expressions  occurring  in  mathematics  which  are 
capable  of  being  written  in  more  than  one  way;  and  of  these  some 
present  much  greater  difficulties  to  the  printer  than  others.  This 
being  so,  your  committee  are  of  opinion  that,  instead  of  making  any 
specific  recommendations,  the  most  useful  course  they  can  take  will 
be  to  append  a  table  of  equivalent  forms,  specifying  those  which 
do  and  those  which  do  not  involve  justification,  and  also  a  list  of 
mathematical  signs  which  may  fairly  be  expected  to  be  found)  in 
the  usual  sizes,  ready  to  hand  among  a  printer's  materials.  It  will, 
of  course,  be  understood  that  neither  one  nor  other  of  these  is  even 
nearly  exhaustive.  But  the  specimens  here  given  form  the  principal 
elements  from  which  others  are  formed ;  and  from  the  explanations 
given  in  the  earlier  part  of  the  report  the  intelligent  reader  will  be 
able  to  discriminate  in  most  cases  between  forms  difficult  and  forms 
easy  to  be  printed. 

In  recommending  in  this  qualified  way  some  forms  of  notation 
in  preference  to  others,  your  committee  wish  it  to  be  distinctly 
understood  that  they  are  speaking  from  the  printing,  and  not  from 
the  scientific  point  of  view;  and  they  are  quite  aware  that,  even  if 
some  of  the  easier  forms  should  be  adopted  in  some  cases,  they 
may  still  not  be  of  universal  application,  and  that  there  may  be 
passages,  memoirs,  or  even  whole  treatises,  in  which  they  would  be 
inadmissible. 

Your  committee  are  unwilling  to  close  this  report  without 
alluding  to  the  advantages  which  may  incidentally  accrue  to  mathe- 
matical science,  by  even  a  partial  adoption  of  the  modifications  here 
suggested.  Anything  which  tends  towards  uniformity  in  notation, 
may  be  said  to  tend  towards  a  common  language  in  mathematics ; 
and  whatever  contributes  to  cheapening  the  production  of  mathe- 
matical books,  must  ultimately  assist  in  disseminating  a  knowledge 
of  the  science  of  which  they  treat. 

Mathematical  Signs  not  involving  "  Justification". 
X    -    +    =    v/    £    ::.'..';}<>  ~ 

(  [  }  1  V 

a     a1     ax     a2     a2     &c,     w£  a\ 


VOL.  XX. 
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Equivalent  Foems. 

Involving  justification.  Not  involving  justification. 


na 

a 

x-^~  a  oy  x  :  a 

■Sic 

y/x  or  x* 

Vx 

X/x  or  o$ 

V  x  —  y 

</(pc—y)  or  {x-y) 

i 

X  ,x-\-  a 

/VI  1   /V)      I       /V  i 

^  -f-  a ) 

nirx 

exp  (wto1)  {a) 

tan-1^ 

arc  tan  # 

=  y  =  - 
m  n 

x  :y  :z  =  l:m  .n 
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CAPE  OF  GOOD  HOPE  MUTUAL  LIFE  ASSUEANCE  SOCIETY. 

Special  Investigation  Report  ~by  Mr.  T.  JB.  Sprague  to  the 

Directors. 

I  have  made  a  careful  investigation  into  the  affairs  of  the  Society, 
and  have  the  satisfaction  of  reporting  that,  as  far  as  I  have  the  means 
of  judging,  I  have  found  it  not  only  in  a  thoroughly  sound,  but  in  a 
highly  prosperous  condition.  Three  of  the  most  important  points  to  be 
considered  in  judging  of  the  position  of  a  life  insurance  company  are 
(1)  the  rate  of  expenditure  at  which  it  is  managed,  (2)  the  rate  of 
interest  realized  upon  the  investments,  and  (8)  the  rate  of  mortality 
prevailing  among  the  lives  insured.  On  all  these  points  I  find  the 
experience  of  the  Society  to  be  very  satisfactory. 

1.  I  find  from  the  printed  accounts  that  the  premiums  and  expenses 
for  the  last  seven  years  have  been  as  shown  in  the  following  table  : — 


Year  ending 
31st  May. 

Premiums,  &c. 

Total 
Expenses. 

Percentage  of 

Expenses 
on  Premiums. 

£ 

£ 

1868 

35,257 

3,004 

8-52 

1869 

36,739 

3,337 

9-08 

1870 

37,854 

3,410 

9-01 

1871  ' 

39,260 

3,209 

8-17 

1872 

41,390 

3,848 

9-30 

1873 

44,945 

4,078 

9-07 

1874 

48,272 

3,984 

8-25 

Total  ... 

283,717 

24,870 

8-77 
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I  consider  the  rate  of  expenditure  here  shown  to  be  extremely 
moderate. 

2.  Next  as  regards  the  interest  on  the  investments.  The  amount 
of  the  Society's  funds  and  the  interest  received  in  the  last  seven  years 
is  shown  in  the  following  table  : — 


Year  ending 
31st  May. 

Amount  of  Funds 
in  the  middle  of 
the  Year. 

Interest. 

Deductions  for 
Bad  Debts  and 
Depreciation. 

Net  Interest. 

Percentage  of 
Net  Interest 
to  Funds. 

£ 

£ 

£ 

£ 

1868 

260,630 

13,662 

418 

13,244 

5-08 

1869 

281,980 

14,745 

798 

13,947 

4-86 

1870 

303,149 

15,774 

4,221 

11,553 

3-81 

1871 

321,313 

17,363 

2,301 

15,062 

4-64 

1872 

349,785 

19,254 

1,484 

17,770 

5-08 

1873 

377,135 

19,513 

533 

18,980 

5-03 

1874 

405,379 

19,815 

1,597 

18,218 

4-49 

Total  ... 

2,305,371 

120,126 

11,352* 

108,774 

4-71 

The  general  result  is  that,  after  allowing  for  the  losses  on  the  invest- 
ments, the  Society  has  during  the  last  seven  years  realized  an  average 
rate  of  interest  of  about  £4.  14s.  per-cent  per  annum  upon  the  whole 
of  its  funds.  This  is  a  substantially  higher  rate  than  most  of  the  life 
insurance  companies  in  the  United  Kingdom  are  able  to  obtain.  I 
notice  that  considerable  losses  have  occurred  from  time  to  time  from 
bad  debts. #  I  assume,  however,  that  any  losses  of  this  kind  that 
may  occur  in  the  future  can  be  met  without  inconvenience  by  an 
appropriation  of  a  portion  of  the  interest,  and  that  there  is  no  reason 
to  apprehend  a  loss  of  such  a  magnitude  as  to  imperil  the  stability  of 
the  Society. 

3.  As  regards  the  mortality,  I  have  not  the  means  of  making  a 
strict  investigation  into  the  rate  of  mortality  that  has  prevailed  among 
the  members  of  the  Society  since  it  was  established.  I  have,  however, 
made  such  comparisons  as  the  materials  furnished  to  me  allowed  of. 
I  find  that  the  number  of  members  on  31st  May  1874,  was  2,855, 
and  that,  assuming  the  rate  of  mortality  among  these  to  be  the  same 
as  is  found  to  prevail  in  this  country,  thirty-eight  or  thirty-nine 
members  might  be  expected  to  die  in  the  course  of  a  year.  The 
number  of  deaths  in  the  last  office  year  of  the  Society,  1873-4,  was 
forty-four,  being  considerably  in  excess  of  the  expectation;  but  in 
the  previous  year  the  number  was  only  thirty; — the  mean  of  these 
being  thirty-seven.  I  therefore  conclude  that  the  mortality  among 
the  members  is  very  much  the  same  as  is  found  to  prevail  in  this 

*  Note  by  the  Secretary. — The  losses  on  Investments  have  amounted  to 
£6,132,  of  which  £1,375  arose  out  of  a  mortgage  bond  on  property  at  Prince 
Albert,  which  was  found  to  be  a  forgery.  The  balance  (£5,229)  is  made  up  of 
amounts  written  off  the  Society's  premises  in  Darling  Street.  The  losses  on 
Investments  since  the  creation  of  the  Society  in  1845  to  the  year  1867  inclusive, 
amounted  to  £2,135,  including  £1,572  lost  on  the  sale  of  the  Society's  premises 
in  St.  George's  Street. 
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country.  This  conclusion  is  strengthened  by  a  comparison  I  have 
made  between  the  amounts  of  the  claims  paid  and  the  premiums 
received  in  the  Society  and  in  a  few  British  Life  Insurance  Companies 
which  were  established  about  the  same  date.  The  result  of  this 
comparison  is  seen  in  the  following  table  : — 


Established 

Name  of  Company. 

Premiums 
received. 

Claims 
paid. 

Percentage 
of 

Claims  to 
Premiums. 

1838 
1840 
1843 
1843 
1844 
1844 
1845 
1845 
1846 

1847 

City  of  Glasgow  . 
Reliance    .    .  . 

Star  

Scottish  National 
Equity  and  Law. 
Great  Britain 
Royal  .... 
Sovereign  .    .  . 
London  and  Pro- 
vincial Law 
British  Empire  . 

5  vrs.  ending  20  Jan.  1874 
5  „  31  Dec.  1872 
5        „        31  Dec.  1873 

4  „         15  May  1872 

5  „  31  Dec.  1874 
5        „        31  Dec.  1873 

5  „        31  Dec.  1869 

6  „        31  Dec.  1873 

5  „  31  Dec.  1870 
3        „        31  Dec.  1872 

£ 

557,885 
304,581 
729,045 
259,898 
524,967 
302,860 
974,564 
447,764 

349,906 
250,497 

£ 

353,790 
149,726 
436,387 
160,041 
293,076 
186,011 
437,245 
279,735 

155,102 
147,367 

63-42 
49-16 
59*85 
61-58 
55-81 

61-  41 
44-85 

62-  47 

44-33 
58*83 

Total  . 

10  Companies 

4,701,967 

2,598,480 

55-26 

1845 

Cape  Mutual  .  . 

7  yrs.  ending  31  May  1874 

283,718 

178,976 

63-09 

4.  At  first  sight  these  results  appear  to  indicate  that  the  mortality 
among  the  members  of  the  Society  must  have  been  greater  than  that 
among  the  lives  insured  in  most  of  the  British  offices  founded  about 
the  same  time;  but  I  do  not  think  this  has  been  the  case.  The  claims 
paid,  as  given  in  the  above  table,  include  not  only  the  original  sums 
assured,  but  also  the  bonus  additions  to  the  policies;  and  these  bonus 
additions  have  been  on  the  average  very  much  larger  in  the  Society 
than  in  the  British  offices.  I  believe  therefore  that  if  I  had  the  means 
of  determining  in  each  case  the  amount  of  the  original  sums  assured 
and  that  of  the  bonus  additions,  it  would  be  found  that  the  claims  in 
the  Society  have  not  on  the  average  at  all  exceeded  those  of  the 
other  offices.  I  have  ascertained  the  amount  of  the  bonus  additions 
in  two  cases — the  Hoyal  and  the  Equity  and  Law — and  give  the 
figures,  together  with  those  of  your  own  Society,  in  the  subjoined 
table : — 


Percentage  of 

Office. 

Sums  Assured. 

Bonus 
Additions. 

Bonus  Additions 
to 

Sums  Assured. 

Sums  Assured 
to 

Premiums. 

Equity  and  Law  .  . 

£ 

416,881 
251,655 
133,950 

£ 

20,364 
41,421 
15,026 

4-9 
16-6 
33-6 

42-77 
17-94 
47-22 
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5.  The  above  results  show  that  the  Society  has  in  it  all  the 
elements  of  success.  These,  however,  by  themselves,  are  not  sufficient 
to  secure  the  permanent  prosperity  of  a  life  insurance  company;  for 
a  company  possessing  them  all  may  be  brought  into  difficulties  by 
declaring  too  large  bonuses,  and  treating  as  divisible  profit  sums  that 
should  be  reserved  to  meet  the  liability  under  its  policies. 

6.  One  of  the  questions  submitted  to  me  is,  whether  the  bonus  of 
2i  per-cent  per  annum  on  the  sums  assured  and  former  bonuses, 
declared  at  the  last  division  of  profits,  was  justified  by  the  position 
of  the  Society.  The  calculations  leading  to  this  rate  of  bonus  are 
based  on  the  Northampton  Mortality  Table,  with  interest  at  5  per- 
cent, being  the  table  and  the  rate  of  interest  which  are  prescribed  in 
Article  38  of  the  Deed  of  Agreement  of  the  Society,  and  which  have 
always  hitherto  been  used  by  it  for  the  purpose.  In  order  to  answer 
the  above  question,  I  have  carefully  checked  Mr.  Elliott's  calculations, 
and  am  able  to  report  that  the  bonus  of  2J  per-cent  (on  the  sum 
assured  and  former  bonuses)  was  the  proper  rate  to  declare  according 
to  the  regulations  of  your  Society; — that  is  to  say,  it  is  the  rate  which 
results  from  the  use  of  the  Northampton  5  per-cent  table  in  the 
valuation,  reserving  one-third  of  the  surplus. 

7.  Another  question  on  which  my  opinion  has  been  requested, 
and  one  which  is  of  still  greater  importance,  is  whether  I  would 
recommend  any  change  in  the  system  which  has  been  hitherto  adopted 
of  valuing  the  Assets  and  Liabilities  of  the  Society;  or  in  other  words, 
whether  the  Northampton  Table  with  interest  at  5  per-cent  is  a 
suitable  one  to  use  in  the  valuations,  or  whether  it  would  be  desirable 
to  substitute  for  it  some  other  table.  I  find  that  the  late  Mr.  Todd, 
in  his  Report  dated  7th  March  1871,  after  speaking  of  the  defects  of 
the  Northampton  Table,  states  that  it  has  been  discarded  by  the 
Scottish  Widows'  Fund  and  the  Scottish  Equitable  Society,  which 
were  both  originally  based  upon  it  and  for  many  years  made  all  their 
calculations  by  means  of  it,  and  clearly  indicates  his  own  opinion  that 
the  Northampton  Table  is  not  by  itself  a  safe  guide  in  the  future 
divisions  of  profit.  In  this  opinion  I  entirely  concur;  and  after  full 
consideration,  I  am  prepared  to  go  still  further,  and  to  recommend 
that  the  use  of  the  Northampton  Table  be  altogether  abandoned 
henceforth.  Mr.  Todd  recommended  that  the  results  of  the  North- 
ampton Valuation  should  not  be  adopted  and  acted  upon  unreservedly, 
but  that  they  should  be  tested,  and  if  necessary  modified,  by  comparison 
with  the  results  of  a  valuation  made  by  the  Carlisle  Mortality  Table 
with  3  J  per-cent  interest.  Such  a  test  valuation  was  accordingly 
made  by  Mr.  Elliott,  and  this  also  I  have  carefully  examined. 
Comparing  the  results  with  those  of  the  valuation  made  by  Mr.  Todd 
on  the  same  basis  as  at  31st  May  1868,  and  bearing  in  mind  that 
the  results  obtained  by  the  use  of  the  Carlisle  Table  are  undoubtedly 
much  more  trustworthy  than  those  obtained  by  the  use  of  the 
Northampton  Table,  I  find  that  the  continued  use  of  the  Northampton 
Table  is  now  leading  the  Society  in  the  direction  of  an  anticipation 
of  future  profits;  and  I  am  of  opinion  that  a  continued  adherence  to 
the  use  of  that  table  would  be  attended  with  danger  to  the  future 
prosperity  and  stability  of  the  Society — in  other  words,  that  the 
Northampton  Table  makes  an   insufficient  reserve  for  the  future 
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liabilities,  and  thus  swells  the  apparent  surplus,  and  exhibits  as  divisible 
surplus  a  sum  which  it  is  more  correct  to  reserve  to  meet  the  liability 
under  the  policies. 

8.  For  the  purpose  of  illustrating  this  tendency  of  the  Northampton 
Table  I  have  prepared  the  statements  appended  to  this  Beport.  They 
show  the  progress  under  various  suppositions  of  a  fund  formed  by  the 
yearly  payments  of  863  members,  who  are  supposed  to  insure  their  lives 
for  £100  each,  being  all  of  the  same  age,  namely  35  next  birthday  at 
the  outset,  and  all  paying  the  same  premium  of  £2.  17s.  6d.  It  is 
assumed  that  the  mortality  among  these  members  is  that  found  to 
prevail  among  insured  lives  in  Great  Britain,  as  shown  by  the  Institute 
HM  Table,  that  the  fund  formed  by  the  premiums  of  the  members  is 
accumulated  at  the  constant  rate  of  interest  of  5  per-cent  per  annum, 
and  that  the  expenses  of  management  amount  throughout  to  10  per- 
cent of  the  premiums, — these  being  suppositions  which  correspond 
fairly  well  with  the  experience  of  the  Society  during  recent  years. 
On  these  suppositions  the  premium  of  £2.  17s.  6d.  is  considerably 
more  than  sufficient  to  provide  for  payment  of  the  sums  assured;  and 
if  we  suppose  that,  as  each  member  dies,  his  representatives  receive 
simply  the  £100,  there  will  be  at  the  end  of  sixty  years,  when  all  the 
members  have  died,  a  surplus  of  £210,582.  The  progress  of  the 
fund  under  this  supposition  is  shown  in  Table  1.  If,  instead  of 
allowing  the  surplus  to  accumulate,  the  liability  in  respect  of  the 
insurances  remaining  in  force  is  estimated  every  three  years,  and  the 
surplus  applied  to  declare  a  bonus  among  the  members,  the  progress 
of  the  fund  will  differ  materially  according  to  the  basis  on  which  the 
liability  is  estimated.  I  have  calculated  that  liability  on  two  different 
basises:  (1)  according  to  the  principles  hitherto  in  use  in  the  Society, 
namely,  by  the  Northampton  5  per-cent  Table,  dividing  two-thirds  of 
the  apparent  surplus  and  reserving  the  other  third;  and  (2)  according 
to  the  method  which  I  recommend  for  future  adojDtion,  namely, 
by  the  Institute  Mortality  Table,  with  interest  at  4  per-cent ;  and 
the  progress  of  the  fund  in  these  two  cases  is  shown  in  Table  2. 

9.  Table  3  shows  the  estimated  liability  at  each  division  of  profits 
as  found  by  the  Northampton  Table,  the  surplus  divided,  the  total 
bonus  added  to  the  policies,  and  the  bonus  on  each  policy,  also  the 
rate  of  bonus  and  the  rate  on  the  sum  assured  and  former  bonuses. 
Table  4  gives  the  same  particulars  as  regards  the  Institute  Table. 

10.  It  will  be  seen  from  a  comparison  of  Tables  3  and  4  that 
the  estimated  liability  under  the  policies  remaining  in  force  is 
throughout  greatly  less  according  to  the  Northampton  5  per-cent 
Table  than  according  to  the  Institute  4  per-cent.  There  can  be  no 
doubt,  in  fact,  that,  taken  by  itself,  the  reserve  made  by  the 
Northampton  5  per-cent  Table  would  be  dangerously  small;  but,  in 
order  to  make  a  fair  comparison,  we  must  add  to  the  estimated  liability 
according  to  the  former  table  the  one- third  of  the  apparent  surplus 
which  is  reserved  at  each  division  of  profits.  At  the  first  division  at 
the  end  of  three  years  there  are  839  members  remaining  alive  out  of 
the  original  8G3,  making  the  total  assurances  in  force  £83,900.  The 
liability  under  these  policies,  according  to  the  Northampton  5  per- 
cent Table,  is  £2,398,  and  according  to  the  Institute  4  per-cent, 
£3,036.    The  amount  of  the  funds  being  £4,841,  the  former  estimate 
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leads  to  a  surplus  of  £2,442,  and  the  latter  to  one  of  £1,805;  but 
one-third  of  the  former  surplus,  £814,  being  reserved,  makes  the  total 
reserve  when  the  Northampton  Table  is  employed  £3,212,  which  is 
greater  than  the  reserve  made  by  the  Institute  4  per-cent  valuation; 
and  consequently  the  surplus  divided  is  smaller.  We  see  then  that 
in  the  very  early  years  of  a  society  the  effect  of  using  the  Northampton 
Table,  reserving  so  large  a  proportion  as  one-third  of  the  apparent 
surplus,  is  to  reduce  the  amount  of  divisible  profit.  At  the  expiration 
of  the  second  term  of  three  years  the  effect  produced  by  the  two  tables 
is  reversed.  There  are  then  814  members  remaining  alive,  and  the 
estimated  liability  under  the  insurances  of  £81,400,  increased  by  the 
bonuses,  is  £6,529  according  to  the  Northampton  Table,  and  £7,995 
according  to  the  Institute.  The  apparent  surplus  in  the  case  of  the 
former  is  £3,474,  one-third  of  which  is  £1,158,  and  adding  this  to 
the  estimated  liability,  we  get  a  total  reserve  of  £7,687,  so  that  we 
see  that  the  reserve  according  to  the  Northampton  Table,  even  including 
the  one-third  of  the  apparent  surplus,  is  now  less  than  that  according 
to  the  Institute  Table.  The  surplus  divided  will  therefore  be  greater  in 
the  former  case,  being  £2,315  against  £1,989.  At  the  third  and  fourth 
divisions  of  profit  the  surplus  brought  out  for  divisions  by  the  use  of 
the  Northampton  Table  will  be  £2,759  and  £2,970,  against  £2,094 
and  £2,262.  Comparing  the  figures  in  column  6  of  Table  3,  with 
those  of  column  4  of  Table  4,  we  see  that  the  surplus  divided  when 
the  Northampton  Table  is  used,  continues  greater  than  the  other, 
until  the  eighth  division  of  profit  inclusive ;  and  the  effect  of  dividing 
these  larger  sums  is  to  increase  greatly  the  reversionary  bonuses,  the 
total  additions  to  each  £100  policy  being  £62.  16s.  according  to  the 
Northampton  Table,  and  £52.  16s.  according  to  the  Institute  Table. 
But,  as  I  have  before  mentioned,  the  effect  of  using  the  Northampton 
Table  is  to  treat  as  divisible  profit  sums  which  ought  to  be  reserved 
to  meet  the  future  liabilities ;  and  if  we  look  a  little  further  down 
Table  3,  we  see  the  ultimate  effect  of  this  premature  distribution  of 
profits.  From  the  eighth  division  of  profits  the  surplus  shown  by 
the  Northampton  Valuation  to  be  available  for  division  becomes 
rapidly  less,  until,  when  we  arrive  at  the  fourteenth  division  of  profits, 
when  the  fund  has  been  forty-two  years  in  existence,  and  the  207 
surviving  members  have  attained  the  age  of  77,  we  find  that  the 
Northampton  Valuation,  instead  of  showing  a  surplus,  exhibits  a 
deficiency.  On  the  contrary,  the  use  of  the  Institute  Table  is  to 
cause  a  steady  increasing  bonus  throughout  the  whole  of  the  existence 
of  the  fund. 

11.  It  must  not  of  course  be  supposed  that  the  state  of  affairs 
exhibited  in  these  tables  will  ever  be  found  to  actually  prevail  in 
practice.  The  exact  kind  of  progress  here  shown  could  only  be 
exhibited  by  a  life  insurance  company,  if  no  new  members  joined  it; 
and  when,  as  is  usually  the  case,  a  succession  of  new  members  join 
the  Society  each  year,  the  effect  of  the  use  of  the  Northampton  Table 
will  be  that  the  bonus  will  increase  for  a  certain  time  and  then  diminish 
to  a  point  depending  on  the  amount  of  the  new  business.  This  law  of 
progression  is  clearly  seen  in  the  rates  of  bonus  actually  declared  in 
your  Society  up  to  the  present  time,  which  have  been  as  shown  in  the 
following  table : — 
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Year. 

Rate  of  Bonus. 

1850 

2i 

per- cent 

per  annum. 

1853 

2i 

1856 

3 

1859 

3 

1  862 

3i 

1865 

2| 

1868 

2J 

?j 

1871 

2i 

» 

99 

1874 

24 

9f 

12.  On  a  careful  review  of  the  whole  circumstances  of  the  Society, 
I  strongly  advise  the  Society  at  once  to  abandon  the  use  of  the 
Northampton  Table.  With  very  few  exceptions  the  many  British 
insurance  companies  which  were  founded  upon  it  have  seen  reason,  one 
after  another,  to  abandon  the  use  of  it,  and  to  adopt  some  other  table 
that  more  correctly  represents  the  actual  mortality  prevailing  among 
their  members.  I  am  satisfied  that,  sooner  or  later,  it  will  be  found 
necessary  for  the  Society  to  make  a  similar  change;  and  I  believe 
it  will  be  the  wisest  course  to  do  so  while  it  is  in  a  sound  and  pros- 
perous state,  rather  than  wait  until  the  evil  effects*  of  an  adherence  to 
an  erroneous  table  become  more  apparent. 

13.  The  table  which  I  recommend  for  adoption  in  future  is 
that  known  as  the  Institute  of  Actuaries  HM  Table,  and  the  rate  of 
interest  4  per-cent.  For  the  purpose  of  being  able  to  advise  with 
greater  confidence  upon  this  important  point,  I  have  made  three 
valuations  of  the  liabilities  of  the  Society  b}r  the  Institute  Table, 
(1)  with  interest  at  4-|  per-cent,  (2)  with  interest  at  4  per-cent, 
valuing  the  ordinary  net  premiums,  and  (3)  with  interest  at  4  per- 
cent, the  net  premium  values  being  increased  so  as  to  correspond  to 
an  age  at  entry  one  year  greater  than  the  actual  age.  I  am  of  opinion 
that  4-§-  per-cent  is  too  high  a  rate  to  use  in  the  valuations,  as  it  is 
not  prudent  for  a  life  insurance  company,  which  enters  into  contracts 
the  greater  number  of  which  may  be  expected  to  last  for  30  or  40 
years,  to  stake  its  prosperity  on  the  assumption  that  it  will  permanently 
be  able  to  realize  that  rate  of  interest  upon  the  whole  of  its  assets, 
after  making  allowance  for  all  losses  on  investments,  and  for  unem- 
ployed capital,  such  as  bank  balances  and  premiums  in  course  of 
collection.  Considering  all  the  circumstances  of  the  Society,  I  do 
not  recommend  the  adoption  of  the  third  of  the  above-mentioned 
methods.  It  will  therefore  be  only  necessary  to  state  the  results  of 
the  second  method.  The  following  is  the  balance  sheet  resulting  from 
the  use  of  the  Institute  4  per-cent  table: — 

Liabilities. 

Present  Value   of   £1,991,751.  7s.   (Sums  Assured  and 

Additions)   £828,850 

Proportion  of  Net  Premiums  for  Risk  not  run   .       .       .  14,177 

Surplus   33,003 


£876,030 


Assets. 

Realized  Funds  £116,618 

Present  Value  of  Net  Premiums  (£30,897798  per  annum)  459,382 


£876,030 
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14.  The  surplus  here  shown  was  sufficient  to  admit  of  a  bonus  at 
the  rate  of  £1.  8s.  9d.  per-cent  per  annum,  instead  of  the  bonus  of 
£2.  os.,  which  resulted  from  the  use  of  the  Northampton  Table. 
This  is  consistent  with  what  I  have  already  stated,  namely,  that  too 
large  a  bonus  has  been  divided  among  the  members  in  past  years,  and 
shows  that  the  change  which  I  recommend  to  a  more  prudent  valuation 
basis  can  only  be  carried  out  by  a  temporary  redaction  of  the  rate  of 
bonus  below  that  which  the  members  have  been  accustomed  to.  I 
am  nevertheless  of  opinion  that  the  change  should  not  be  delayed, 
and  that,  although  it  may  cause  some  temporary  disappointment  to 
the  members,  this  will  soon  pass  away.  When  once  the  finances  of 
the  Society  have  been  placed  upon  a  thoroughly  sound  footing,  the 
rate  of  bonus  will,  I  believe,  no  longer  exhibit  the  constant  tendency 
to  reduction  which  it  has  shown  since  the  division  in  the  year  1862. 
The  respective  interests  of  existing  members,  and  of  new  entrants 
will  be  most  equitably  adjusted  by  this  arrangement,  and  the  Society 
may  look  forward  to  a  long  future  of  un chequered  prosperity. 


Table  1. — Showing  the  Progress  of  a  Fund  formed  by  the  Contri- 
butions of  863  Members  of  the  same  age  35,  insured  for  £100 
each,  on  the  supposition  that  no  profits  are  divided. 


Age. 

X  umber 

01 

Xumber 
dying 

Premiums 
payable  at 

Claims. 

Expenses. 

Funds  at  the 
beginning  of 
the  year. 

Funds  at  the 
end  of 
the  year. 

Age  at 
the  end 

M  embers 

in  the 

the  beginning 

of  the 

surviving. 

year. 

of  the  year. 

Payable  during  the  year. 

year. 

£ 

£ 

£ 

£ 

£ 

35 

863 

8 

2,481 

800 

248 

2,481 

1,557 

36 

36 

855 

8 

2,458 

800 

246 

4,015 

3,170 

37 

37 

847 

8 

2,432 

800 

244 

5,605 

4,841 

38 

38 

839 

8 

2,412 

800 

241 

7,254 

6,575 

39 

39 

831 

8 

2,389 

800 

239 

8,964 

8,374 

40 

40 

823 

9 

2,366 

900 

237 

10,740 

10,140 

41 

41 

814 

8 

2,340 

800 

234 

12,480 

12,070 

42 

42 

806 

9 

2,317 

900 

232 

14,387 

13,975 

43 

43 

797 

9 

2,291 

900 

229 

16,266 

15,950 

44 

44 

788 

9 

2,265 

900 

227 

18,216 

18,000 

45 

45 

779 

9 

2,240 

900 

224 

20,239 

20,127 

46 

46 

770 

10 

2,214 

1,000 

221 

22,341 

22,237 

47 

47 

760 

11 

2,185 

1,000 

219 

24,422 

24,324 

48 

48 

749 

10 

2,153 

1,000 

215 

26,477 

26,586 

49 

49 

739 

12 

2,125 

1,200 

212 

28,711 

28,734 

50 

50 

727 

11 

2,090 

1,100 

209 

.  30,825 

31,057 

51 

51 

716 

12 

2,058 

1,200 

206 

33,115 

33,365 

52 

52 

701 

13 

2,024 

1,300 

202 

35,389 

35,656 

53 

53 

691 

12 

1,987 

1,200 

199 

37,643 

38,126 

54 

54 

679 

14 

1,952 

1,400 

195 

40,078 

40,487 

55 

55 

665 

14 

1,912 

1,400 

191 

42,399 

42,928 

56 

56 

651 

14 

1,172 

1,400 

187 

44,800 

45,453 
47,865 

57 

57 

637 

16 

1,831 

1,600 

183 

47,284 

58 

58 

621 

16 

1,785 

1,600 

179 

49,651 

50,354 

59 

59 

605 

16 

1,739 

1,600 

174 

52,094 

52,924 

60 

60 

589 

18 

1,693 

1,800 

169 

54,618 

55,380 

61 

61 

571 

18 

1,642 

1,800 

164 

57,021 

57,908 

62 

62 

553 

19 

1,590 

1,900 

159 

59,498 

60,414 

63 

63 

534 

20 

1,535 

2,000 

154 

61,949 

62,893 

64 

64 

514 

21 

1,478 

2,100 

148 

64,370 

65,341 

65 
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Table  1. — continued. 


Age. 

Number 
of 

Members 
surviving. 

Number 

dying 
in  the 
year. 

Premiums 
pajrable  at 
the  beginning 
of  the  year. 

Claims. 

Expenses. 

Funds  at  the 
beginning  of 
the  year. 

Funds  at  the 
end  of 
the  year. 

Age  at 
the  end 
of  the 
year. 

Payable  during  the  year. 

£ 

£ 

£ 

£ 

£ 

65 

493 

21 

1,417 

2,100 

142 

66  758 

67,854 

66 

66 

472 

22 

1,357 

2,200 

136 

69,211 

70,336 

67 

67 

450 

23 

1,294 

2,300 

129 

71,630 

72,782 

68 

68 

427 

23 

1,228 

2,300 

123 

74,010 

75,287 

69 

69 

404 

23 

1,161 

2,300 

116 

76,449 

77  855 

70 

70 

381 

23 

1,095 

2,300 

110 

78,951 

80.488 

71 

71 

358 

25 

1,029 

2,500 

103 

81,517 

82  990 

72 

72 

333 

25 

957 

2,500 

96 

83,948 

85,549 

73 

73 

308 

25 

885 

2,500 

89 

86,434 

88,167 

74 

74 

283 

26 

814 

2,600 

81« 

88,981 

90,749 

75 

75 

257 

25 

739 

2,500 

74 

91,488 

93,488 

76 

76 

232 

25 

667 

2,500 

67 

94,155 

96,296 

77 

77 

207 

24 

595 

2,400 

60 

96,891 

99,275 

78 

78 

183 

22 

525 

2,200 

53 

99,801 

102,538 

79 

79 

161 

22 

463 

2,200 

46 

103,000 

105,905 

80 

80 

139 

20 

400 

2,000 

40 

106,304 

109,579 

81 

81 

119 

19 

342 

1,900 

34 

109,921 

113,484 

82 

82 

100 

17 

287 

1,700 

29 

113,771 

117,731 

83 

83 

83 

15 

239 

1,500 

24 

117,969 

122,344 

84 

84 

68 

14 

195 

1,400 

20 

122,539 

127,246 

85 

85 

54 

11 

155 

1,100 

16 

127,401 

232,655 

86 

>  86 

43 

10 

124 

* 

1,000 

12 

132,779 

138,406 

87 

87 

33 

7 

95 

700 

9 

138,501 

144,717 

88 

88 

26 

6 

75 

600 

7 

144,792 

151,424 

89 

89 

20 

5 

57 

500 

6 

151,482 

158,550 

90 

90 

15 

4 

43 

400 

4 

158,593 

166,119 

91 

91 

11 

4 

32 

400 

3 

166,150 

174,055 

92 

92 

7 

2 

20 

200 

2 

274,075 

182,577 

93 

93 

5 

2 

14 

200 

1 

182,591 

191,520 

94 

94 

3 

2 

9 

200 

1 

191,529 

200,901 

95 

95 

1 

: 

1 

3 

100 

200,906 

210,852 

Table  2. — Shoiving  the  Progress  of  the  Fund  on  the  suppositions 
that  the  Surplus  is  ascertained  every  three  years,  (1)  by  the 
Northampton  5  per '-cent  Table,  reserving  one-third  of  the  Surplus, 
and  (2)  by  the  Institute  4  per -cent  Table,  dividing  the  whole  of 
the  Surplus. 


Age. 

Number 
surviving. 

Sum 
Assured. 

Northampton  5  per-cent. 

Institute  4  pkr-cent. 

Bonus. 

Claims 
(sums  assrd. 
and  bonuses). 

Fund 
at  end  of 
year. 

Bonus. 

Claims 
(sums  assrd. 
and  bonuses)* 

Fund 
at  end  of 
year. 

At  beginning  of  year. 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

35 

863 

86,300 

800 

1,557 

800 

L,557 

36 

855 

85,500 

800 

3,170 

800 

3,170 

37 

847 

81,700 

800 

4,841 

800 

4,841 

38 

839 

83,900 

4,339 

842 

6,533 

4,979 

817 

6,528 

39 

831 

83,100 

1,297 

842 

8,287 

4,932 

817 

8,277 

40 

823 

82,300 

4,255 

947 

10,002 

1,885 

951 

9,984 

41 

814 

81,400 

10,062 

898 

11,827 

11,953 

898 

11,808 

42 

1 

806 

80,600 

9,961 

1,011 

13,608 

9,855 

1,010 

13,589 
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Table  2. — continued. 


Age. 

1 

Number 
surviving. 

Sum 
Assured. 

Northampton  5  per-cent. 

Institute  4  PER-CENT. 

Bonus. 

CM  n  i  tvw 

vitu  mo 

(sums  assrd. 
and  bonuses). 

Fund 
at  end  of 
year. 

Bonus. 

Claims 
(sums  assrd. 
and  bonuses). 

Fund 
at  end  of 
year. 

At  beginning  of  year. 

£ 

£ 

£ 

£ 

£ 

43 

797 

79,700 

9  853 

1,011 

1 5  454 

9  745 

1  010 

1  5  435 

4  t 

788 

78,800 

16,370 

1,087 

17  292 

1  4  658 

1  067 

1  7  292 

45 

779 

77,900 

1 6  1 83 

1,087 

19  198 

1  4  491 

X  xj  i  t/  X 

1  067 

1  9  21  8 

46 

770 

77,000 

1  5  996 

X  tJyUC/yJ 

1,208 

21,054 

1  4  821 

x  x^o^  X 

1  1  86 

91  097 

47 

760 

76,000 

22,556 

1  427 

22  755 

1  9  1  93 

1  378 

x,o  /  0 

22  850 

48 

749 

74,900 

1  297 

24,641 

18  915 

1  253 

94  7ft^ 

49 

739 

73,900 

21  932 

1,556 

26  335 

18,662 

1  504 

26  540 

50 

727 

72,700 

27  780 

1,520 

28  117 

23,079 

1,449 

28  403 

51 

716 

71,600 

2*7  360 

1,658 

29  821 

22  730 

1  580 

30  1  99 

52 

704 

70,400 

26,902 

1*797 

31,438 

22,350 

1  71  2 

X,  /  X-J 

31  920 

53 

691 

69,100 

32,732 

1  769 

33,128 

26,633 

1  662 

33  741 

54 

679 

67,900 

32,163 

2,064 

34,575 

26  171 

1  939 

35  344 

55 

665 

66,500 

31  499 

2,063 

36  057 

25,632 

1  939 

Q«  QQQ 

56 

651 

65,100 

36,322 

2,181 

37  457 

29  698 

2  038 

38  579 

57 

637 

63,700 

35  5 41 

tjlly'j  A'X 

2,493 

38,576 

29  060 

2  329 

39  91  8 

58 

621 

62,100 

31,648 

2,493 

39,707 

28  331 

2,330 

41  279 

59 

605 

60,500 

38  533 

2,619 

40,725 

31,950 

2,445 

42  550 

0:^5 tJ\j 

60 

589 

58,900 

37,514 

2,947 

41,423 

31,105 

2  750 

43  536 

61 

571 

57,100 

36  367 

2,947 

42,107 

30,155 

2  750 

44  523 

62 

553 

55,300 

39,113 

3,243 

42,480 

33,415 

3  048 

45  21  2 

63 

534 

53,400 

37  770 

3,414 

42,648 

32  267 

3,208 

45,723 

64 

514 

51,100 

36  356 

3,585 

42  599 

31  059 

3  368 

4  6  045 

65 

193 

49,300 

37,498 

3,698 

42  377 

33  657 

3,534 

46,159 

66 

472 

17,200 

35  900 

3,874 

41,911 

32,223 

3,703 

46  053 

67 

450 

45,000 

34,226 

4,050 

41,186 

30,720 

3  871 

0,0 1  X 

45  71 4 

jezJ  }  (  Xt! 

68 

427 

42,700 

34,003 

4,133 

40,279 

32  657 

4,059 

45  107 

69 

401 

40,400 

32,200 

4,133 

39,264 

30  898 

4,059 

44  407 

70 

381 

38,100 

30,367 

4,133 

38,134 

29,139 

4,059 

43  608 

71 

358 

35,800 

29,444 

4,555 

36,463 

30,531 

4,633 

42,133 

72 

333 

33,300 

27  389 

4,555 

34  640 

28,398 

4,633 

40,516 

73 

308 

30,800 

25,334 

4,555 

32,657 

26,265 

4^633 

38,750 

74 

283 

28,300 

23,534 

4,763 

30,301 

26,759 

5,060 

36,401 

75 

257 

25,700 

21,371 

4,580 

27,938 

24,299 

4,865 

34,058 

76 

232 

23,200 

19,291 

4,580 

25,388 

21,934 

4,865 

31,529 

77 

207 

20,700 

21,674 

4,913 

28,757 

78 

183 

18,300 

19,161 

4,503 

26,191 

79 

161 

16,100 

16,858 

4,501 

23,437 

80 

139 

13,900 

16,111 

4,318 

20,671 

81 

119 

11,900 

13,793 

4,102 

17,928 

82 

100 

10,000 

The  progress  of  tl 

lis  fund 

11,591 

3,670 

15  427 

83 

83 

8,300 

is  not  traced  further, 

10  692 

3,432 

12,993 

84 

68 

6,800 

as  the  valuation  made 

8  760 

3  203 

10,624 

85 

54 

5,400 

at  this  point  shows  a 

6  957 

2  517 

8  785 

86 

43 

4,300 

deficiency,  the  funds 

6,193 

2,440 

6,902 

87 

33 

3,300 

remaining;  being:  in- 

4,753 

1,708 

5,630 

88 

26 

2,600 

sufficient  to 

provide 

3,745 

1,464 

4,518 

89 

20 

2,000 

for 

payment 

of  the 

3,225 

1,306 

3,492 

90 

15 

1,500 

sums  assured 

and  bo- 

2,419 

1,045 

2,663 

91 

11 

1,100 

nuses. 

1,774 

1,045 

1,782 

92 

7 

700 

1,281 

566 

1,324 

93 

5 

500 

915 

566 

838 

94 

3 

300 

549 

566 

322 

95 

1 

100 

243 

343 
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Table  3. — Profits  calculated  by  the  Northampton  5  per-cent  Table. 


Rever- 

Rate of  Bonus 

1 

Rever- 

per-cent per  annum. 

Division 

or 
Profits. 

One-third 
oi  ine 
Surplus. 

sionary 
Bonus 
added  to 

sionary 
Bonus 
added 
to  each 
Policy. 



Age. 

Estimated 
Liability. 

Total 
Reserve. 

Surplus 
divided. 

On 



On  Total 

Policies. 

Sum 

and  former 

Assured. 

Bonuses. 

£ 

£ 



£ 

£ 

£ 

£ 

38 

1 

2,398 

814 

3,212 

1,629 

4,239 

5-200 

1-73 

1-73 

41 

2 

6,529 

1,158 

7,687 

2,315 

5,854 

7-191 

2.40 

2-28 

44 

3 

11,315 

1,380 

12,695 

2,759 

6,628 

8-412 

2-80 

2-50 

47 

4 

16,599 

1,485 

18,084 

2,970 

6,768 

8*904 

2-97 

2-46 

oO 

5 

22,022 

1,438 

23,460 

2,875 

6,204 

8*535 

2-84 

1-19 

53 

6 

26,805 

1,544 

28,349 

3,089 

6,327 

9-156 

305 

2-21 

56 

7 

31,823 

1,411 

33,234 

2,823 

5,486 

8-427 

2-81 

1-91 

59 

8 

35,815 

1,298 

37,113 

2,594 

4,778 

7-900 

2-63 

1-69 

62 

9 

38,761 

1,115 

39,876 

2,231 

3,893 

7-038 

2-35 

1-43 

65 

10 

40,211 

796 

41,007 

1,592 

2,627 

5-328 

1-78 

1-04 

68 

11 

39,689 

499 

40,288 

998 

1,557 

3-645 

1-21 

0-69 

71 

12 

37,208 

309 

37,517 

617 

910 

2-541 

0-85 

0-47 

74 

13 

32,384 

91 

Deficiency  of 

32,475 

182 

255 

0-900 

0-30 

0-16 

77 

14 

25,496 

108 

Table  4. — Profits  calculated  by  the  Institute  4  per-cent  Table. 


Age. 

Division 

of 
Profits. 

Estimated 
Liability. 

Surplus 
divided. 

Rever- 
sionary 
Bonus 
added  to 
Policies. 

Reversionary 
Bonus 
added  to 
eacli  Policy. 

__ 

Rate  of  Bonus 
per-cent  per  annum. 

£ 

£ 

£ 

38 

1 

3,036 

1,805 

4,979 

5-900 

1-96 

1-96 

41 

2 

7,975 

1,989 

5,122 

6292 

2-10 

1-98 

44 

3 

13,341 

2,094 

5,023 

6374 

2-12 

1-89 

47 

4 

18,835 

2,262 

5,055 

6-651 

222 

1-87 

50 

5 

24,277 

2,263 

4,721 

6-494 

2-16 

1-73 

53 

6 

29,510 

2,410 

4,695 

7*794 

2-26 

1-72 

56 

7 

34,462 

2,527 

4,605 

7-074 

2-36 

1-70 

59 

8 

38,733 

2,546 

4,349 

7-188 

2-40 

1-65 

62 

9 

41,903 

2,620 

4,210 

7-613 

2-51 

1-66 

65 

10 

43,498 

2,547 

3,866 

7-842 

261 

1-63 

68 

11 

43,276 

2,438 

3,508 

8-215 

2-71 

1  -63 

71 

11 

41,303 

2,305 

3,151 

8-801 

2-93 

1-66 

74 

13 

36,739 

2,011 

2,627 

9*283 

309 

1-67 

77 

14 

29,855 

1,674 

2,105 

10170 

3-39 

1-74 

80 

15 

22,156 

1,281 

1,557 

11-201 

373 

1-82 

83 

16 

14,520 

907 

1,071 

12-903 

4-30 

1  -99 

86 

17 

8,220 

565 

653 

15-186 

5-06 

2-21 

89 

18 

4,213 

305 

341 

17*200 

5-73 

235 

92 

19 

1,643 

139 

152 

21-714 

727 

277 

95 

20 

265 

57 

60 

60-000 

20-00 

6-06 
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We  are  in  a  position  to  state  that  the  changes  in  the  method  of 
valuation  recommended  in  the  preceding  report,  were  adopted  by  the 
members  of  the  Society,  and  that  the  valuation  as  at  31  May  1877 
was  made  accordingly.  The  result  was  that  a  bonus  was  declared  at 
the  rate  of  2  per-cent  per  annum  on  the  sums  assured  and  former 
bonuses,  whereas  according  to  the  old  method  of  valuation  the  rate 
of  bonus  would  have  been  2^  per-cent  per  annum.  The  following  is 
the  amended  rule  referrino-  to  the  method  of  valuation. 

"  That  the  liability  of  the  society  under  its  contracts  depending 
"  on  life  contingencies  shall  be  calculated,  according  to 
"  the  generally  recognized  rules,  by  what  is  known  as  a 
"  net  premium  valuation  on  the  basis  of  the  Mortality 
"  Table  commonly  called  the  Institute  of  Actuaries' 
"  Experience  HM  Table,  with  interest  at  the  rate  of  4  per- 
"  cent  per  annum,  or  at  such  lower  rate  as  the  directors 
"  shall  from  time  to  time  determine.  Whenever  the 
"  amount  of  the  property  of  the  society  shall  exceed  that 
"  of  the  liability  so  calculated,  the  surplus  shall  be  con- 
"  sidered  as  profit." 


THE  MUTUAL  ASSURANCE  SOCIETY  OF  VICTOEIA,  LIMITED. 

First  Quinquennial  Investigation,  Report  from  1st  January  1871  to 

Slst  December  1875. 

We  have  received  a  copy  of  this  Report  from  the  Actuary, 
Mr.  Robert  iVTCaskie,  of  Melbourne,  and  think  the  following 
extracts  from  it  will  interest  our  readers  : — 

In  entering  into  the  investigation  of  the  Society's  affairs,  the  first 
consideration  was  the  tables  to  be  used  and  the  method  of  valuation 
to  be  followed;  and  after  mature  deliberation,  I  determined  to  take 
the  Actuaries'  HM  Table  with  4  per-cent  interest,  published  under  the 
auspices  of  the  Institute  of  Actuaries,  as  the  basis  of  valuation,  and 
to  follow  a  method  proposed  by  Mr.  Thos.  B.  Sprague,  the  editor  of 
the  "Journal  of  the  Institute  of  Actuaries"  and  one  of  its  Vice- 
Presidents,  published  in  vol.  xv.  of  the  Journal  of  the  Institute,  and 
which  is  approved  of  by  the  leading  members  of  the  profession. 

This  method  may  be  briefly  described  as  recognizing  the  fact  that 
the  expenses  attending  a  life  policy  are  not  uniform  during  the  whole 
years  of  its  existence,  but,  on  the  contrary,  that  a  very  large  expendi- 
ture has  to  be  incurred  the  first  year,  consisting  of  increased  commission 
to  agents  for  introducing  the  business,  medical  fees,  printing  and  adver- 
tising, &c,  and  in  after  years  the  expenses  are  confined  to  the  renewal 
commission  allowed  to  agents  and  the  ordinary  expenses  of  the  office. 
It  is  not  therefore  necessary  to  reserve  the  whole  of  the  loading  added 
to  the  net  premium  to  form  the  office  premium,  seeing  that  such  a 
course  would  only  be  required  were  the  expenses  uniform  during  the 
whole  years  of  the  existence  of  the  policy.  A  part  of  the  loading, 
equal  to  the  increased  expenditure  during  the  first  year  of  the  existence 
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of  the  policy,  has  therefore  been  valued,  and  this  course  is  allowed  by 
the  highest  authorities  to  be  perfectly  legitimate.  But  while  following 
this  method,  care  must  be  taken  that  in  the  results  brought  out  no 
negative  values  appear,  and  that  if  the  Society  is  under  an  obligation, 
express  or  implied,  to  allow  a  surrender  value  of  a  certain  magnitude 
for  its  policies,  it  is  essential  that  it  should  reserve  at  least  this 
amount  to  meet  its  liabilities  under  its  policies. 

The  Society  has,  in  my  opinion,  entered  into  an  implied  contract 
with  its  members  to  return  a  third  of  the  premiums  received  after 
three  annual  premiums  have  been  made  for  surrender,  and  in  the 
method  of  valuation  adopted  this  has  been  steadily  kept  in  view,  and 
the  guaranteed  amount  of  surrender  reserved. 

The  amount  necessary  to  be  reserved  to  meet  the  surrender  value 
requires  that  a  lower  net  premium  should  be  valued  than  would  be 
the  case  if  no  guaranteed  amount  of  surrender  had  been  promised, 
and  to  that  extent  this  system  of  valuation  approaches  nearer  to  a  net 
premium  method.  I  may  also  mention  that  by  the  method  of  valuation 
followed,  no  negative  values  appear,  but  every  policy  included  in  the 
valuation  has  a  liability  attached  to  it. 

Increase  op  Business. 

The  amount  of  new  assurances  during  each  year  of  the  quin- 
quennial period  was  as  shown  in  the  following  vidimus  of  new  business 
transacted : — 


Year. 

Policies 
issued. 

Amount  Assured. 

First  Premiums 
thereon. 

£      s.  d. 

£     s.  d. 

1871 

246 

79,613  11  11 

7,868  17  7* 

1872 

157 

53,245    9  9 

1,079  13  1 

1873 

202 

68,500    0  0 

1,111  14  0 

1874 

518 

147,743    0  0 

2,780  11  11 

1875 

644 

176,000    0  0 

3,165    0  0 

£525,102    1  8 

16,005  16  7 

*  This  amount  includes  £6,700  received  as  single  premiums  on  Foundation 
Policies. 

Expenses  of  Management. 

For  the  reasons  stated  in  the  introduction,  the  expenses  of  manage- 
ment as  compared  with  old-established  offices  appear  to  be  heavy,  but 
this  is  more  apparent  than  real.  In  an  old-established  office  the 
amount  of  new  business  bears  a  much  smaller  proportion  to  the  whole 
amount  of  the  existing  assurances  than  in  a  young  office,  so  that 
while  an  old-established  office  may  be  able  to  show  a  small  percentage 
of  expenses  on  its  premium  income,  a  close  examination  of  the  accounts 
will  reveal  the  fact  that  the  expenses  incurred  in  procuring  new 
business  are  as  heavy  as  those  in  a  comparatively  young  office. 

In  a  paper  read  by  Mr.  Deuchar,  Actuary  to  the  Caledonian  Life 
Assurance  Company,  before  the  Actuarial  Society  of  Edinburgh, 
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1st  April  1874,  and  published  in  the  "Assurance  Magazine",  October 
1874,  he  shows  that  the  expenses  of  the  Scottish  offices  (which  are 
generally  allowed  to  be  well  managed,  and  transact  a  business  similar 
to  that  of  this  Society)  incurred  in  acquiring  new  business,  amount 
to  80  per-cent  of  the  first  year's  premium,  clearly  demonstrating  the 
fact  that  the  expenses  are  exceptionally  heavy  during  the  first  year  of 
assurance,  and  amount  to  a  small  percentage  in  after  years.  While, 
therefore,  it  is  undeniable  that  the  expenses  during  the  five  years 
under  review  have  been  heavy,  yet  when  it  is  borne  in  mind  that  the 
new  assurances  bear  so  large  a  proportion  to  the  whole  existing 
business,  it  will  be  seen  that  the  expenses  incurred  have  been  no 
heavier  than  in  the  Scottish  Offices,  many  of  which  are  of  old  standing, 
the  dates  of  their  establishment  ranging  from  1815  to  1867,  and 
nearly  all  of  them  having  a  most  extensive  business. 


Increase  op  Kesottrces. 

The  net  funds  and  revenue  have  increased  during  the  five  years  as 
follows : — 


Year. 

Funds. 

Annual 
Revenue. 

1871 
1871 
1872 
1873 
1871 
1875 

Commencement 

31st  December,  end  of  1st  year 
„      2nd  „ 
»                w       3rd  „ 
»       4th  „ 

»                     a         5th  „ 

£      s.  d. 
Nil. 
4,650    9  8 
6,102    4  10 
7,969    3  0 
13,330    5  1 
22,254  14  8 

£      s.  d. 

8,727  "  6  6* 
3,967  16  5 
5,883    4  5 
9,950    4  10 
15,518  14  8 

*  This  amount  included  £6,700  received  as  single  premiums  on  Foundation 
Policies. 


Mortality  Experience. 

During  the  five  years  18  deaths  of  members  of  the  Society  have 
occurred,  entailing  claims  to  the  amount  of  £5,754.  10s.  3d.  This  is 
considerably  under  the  expectation  as  shown  by  the  Actuaries' 
HM  table;  by  that  table  the  expected  number  of  deaths  was  31  and 
the  expected  claims  £9,075.  This  result  is  no  doubt  in  a  large 
measure  due  to  the  careful  and  recent  selection  of  lives. 

Investigation  of  the  Society's  Aeeairs. 

The  result  cf  the  valuation  shows  that  the  total  funds  as  per 
Valuation  Balance  Sheet,  amount  to  £22,254.  14s.  Sd. ;  the  net  liability 
of  the  Society  under  its  assurance,  endowment  and  annuity  contracts 
amounts  to  £21,915.  14s.  Sd.  the  difference  is  £339.  Os.  5d.,  being 
the  surplus  profit  in  the  quinquennium. 

This  result  will  perhaps  be  a  disappointment  to  the  members,  but 
it  should  be  borne  in  mind  that  the  accounts  and  returns  now  required 
to  be  furnished  to  the  Government  prove  that  it  is  almost  impossible 
for  an  assurance  society  to  divide  a  profit  on  its  first  five  years' 
business.  The  fact  that  many  offices,  now  well  established,  have  done 
so,  and  divided  more  profit  in  their  first  five  years  than  in  any  sub- 
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sequent  five  years,  only  proves  that  in  the  absence  of  the  returns  now 
required  by  the  Insurance  Companies'  Act  their  true  position  could 
not  be  detected. 

The  following  further  particulars  are  extracted  from  the  schedules. 

The  whole-term  assurances  of  one  year's  duration  and  upwards 
were  valued  in  classes,  according  to  the  ages  attained  by  the  lives 
assured  on  the  31st  December  1875. 

The  ages  attained  were  taken  as  the  office  ages  at  entry  plus  the 
number  of  years  and  quarters  the  policies  have  been  in  force. 

In  valuing  the  policies,  fractional  parts  of  a  quarter  have  been 
treated  as  whole  quarters,  and  the  proportion  of  premium  for  which 
each  policy  was  renewed  beyond  31st  December  1875,  has  been  taken 
into  account  as  a  liability. 

The  liability  of  the  Society  is  ascertained  by  taking  the  difference 
between  the  present  value  of  the  sums  assured  and  the  present  value  of 
the  future  premiums  after  deducting  the  loading. 

The  net  premiums  valued  were  those  as  exhibited  by  the  "  Institute 
of  Actuaries'  HM  Table  of  Mortality"  with  4  per-cent  interest,  with 
a  small  addition  equal  to  "7955  per-cent  on  the  net  premium  for  age 
20,  and  increasing  to  3  3018  per-cent  on  the  net  premium  for  age  60, 
such  increase  being  considered  equal  to  the  initial  expenses  incurred 
during  the  first  year  of  assurance  which  do  not  recur  in  after  years. 
Each  premium  was  assumed  to  be  just  due. 

[Mr.  M'Caskie  writes  to  us.  To  find  what  net  premium  to 
value  for  the  endowment  assurances,  I  first  ascertained  the  net  single 
premium  for  the  assurance  for  the  life  at  the  age  at  which  the 
assurance  was  effected  and  accepted  and  added  to  it  £1.  10s.  per 
£100  assured  for  initial  expenses.  I  then  divided  the  sum  of  these 
by  the  corresponding  immediate  temporary  annuity,  the  quotient 
giving  the  net  premium  which  I  valued  thus :  the  single  premium  for 
an  endowment  assurance  for  age  20  payable  at  45,  is  41*855,  to  which 
add  1-5  giving  43*355,  which  divided  by  15-118  is  2*868.] 

The  whole-term  assurances  under  one  year's  duration  and  all 
assurances  other  than  whole-term  assurances,  the  children's  endow- 
ments, and  the  annuities,  were  valued  separately. 

All  assurances  " loaded  up"  and  charged  at  rates  corresponding 
with  those  charged  at  an  increased  age,  have  been  treated  as  if  the 
increased  ages  were  the  actual  ages  of  the  assured. 

The  percentage  of  the  gross  premium  income  reserved  as  a  provision 
for  future  expenses  and  profits  is  equal  to  22*21  per-cent  on  the  premium 
income. 

Consolidated  Kevenue  Account. 


£     s.  d. 

Amount  of  Funds  on  1st  January  1871 ....  Nil. 

Premiums  (no  Reassurance  Premiums)  ....  40,496    3  10 

Interest  (no  dividends)  .......  3,164  15  10 

Consideration  for  Annuities  granted      ....  3,500    0  0 

Fees  and  Fines   254  15  0 

Forfeited  Deposits   84    7  2 

Deposits   47    5  0 


£47,547    6  10 
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£  s. 

d. 

Cluims  under  Policies  ..... 

5,754  10 

3 

Surrenders  ....... 

208  1 

3 

Annuities  ....... 

Lot  U 

u 

Commission  ....... 

.      4,943  16 

3 

Expenses  ....... 

.    13,983  19 

1 

Bad  Debts  

165  5 

4 

Amount  of  Funds  on  31st  December  1875 

.    22,254  14 

8 

£47,547    6  10 


The  total  amounts  assured,  premiums  received  annually,  and  the 
total  premiums  received  on  all  policies  other  than  for  the  whole  term 
of  life  with  uniform  annual  premiums,  as  at  31st  December  1875,  are 
shown  in  the  following  table  : — 


Participating  Policies. 


Class  of  Assurance. 

No.  of 
Policies. 

Amount 
Assured. 

Annual  Premium. 

1 

Ordinary.     ;  Extra. 

Total  Premiums 
received. 

Reserve. 

£       s.  d. 

£     s.  d. 

£  s. 

£  s. 

d. 

£ 

Hiole-Life  Policies — 

1.  Limited  Number  of  Premiums 

« 

3,684  10  10 

162  13  3 

803  10 

4 

675 

2.  Paid-up  Policies  . 

64 

18,393  16  3 

6,400  0 

0 

8,176 

Indowmeut  Assurance 

240 

61,100    0  0 

3,031  13  6 

5  0 

3,804  10 

4 

2,261 

.ssurance  on  Joint  Lives  . 

176 

47,400    0  0 

2,159    6  11 

5  10 

3,221  4 

5 

982 

Children's  Endowments  -.. 

27 

3,450    0  0 

248  14  10 

315  3 

3 

309 

515 

134,028    7  1 

5,602    8  6 

10  10 

14,544  18  4 

12,403 

The  life  assurance  fund  was  invested- 


£ 

s. 

d. 

On  the  31st  December  1871 

.    at  3 

11 

0 

??  ?? 

1872 

7 

4 

0 

j?  ?> 

1873 

6 

14 

5 

5>  >5 

1874 

6 

12 

9 

55  )> 

1875 

8 

2 

7 

The  practice  of  the  Society  has  been  to  allow  a  surrender  value 
of  one-third  of  the  premiums  paid ;  but  only  after  three  annual  premiums 
have  been  paid  on  the  policy. 

Policies  effected  on  lives  believed  to  be  under  the  average  expec- 
tation and  "loaded  up"  or  accepted  at  rates  corresponding  with  those 
charged  at  an  increased  age,  are  treated  both  for  surrender  value  and  in 
the  classification  of  age  and  liability  valuation  as  if  the  increased  ages 
were  the  actual  ages  of  the  assured. 

The  Society  does  not  transact  business  at  other  than  European 
rates;  but  in  the  case  of  persons  travelling  between  the  25th  parallels 
of  north  and  south  latitude  an  extra  premium  of  £1  per-cent  is 
charged.  This  extra  premium  is  remitted  when  persons  whose  lives 
are  assured  come  to  reside  south  of  the  25th  parallel  of  south  latitude. 


VOL.  XX. 


374 


Home  and  Foreign  Intelligence. 


[Oct. 


Single  Liyes,  with  Profits. 


Premiums  payable  during  Whole  Term  of  Life  to  secure  £100. 


Age  next 
Birthday. 

Annually. 

Age  next 
Birthday. 

Annually. 

Age  next 
Birthday. 

A  TIT*  11  oil  "IT 

/iLiinuciiiy. 

Age  next 
Birthday. 

A  rmn  nl  1  v 

XXlllllldll J  . 

 . 

£  s.  d. 

£  s.  d. 

,  - 

£   s.  d. 

£  s.  d. 

20 

1  16  2 

31 

2    8  5 

41 

3    6  10 

51 

4  18  4 

21 

1  17  1 

32 

2    9  11 

42 

3    9  3 

52 

5    2  6 

22 

1  18  0 

33 

2  11  5 

43 

3  11  10 

53 

5    7  0 

1  iq  n 

J.    XV  \J 

34 

2  13  0 

3  14  6 

^4 

5  11  8 

24 

2    0  0 

35 

2  14  9 

45 

3  17  4 

55 

5  16  8 

25 

2  10 

36 

2  16  6 

46 

4    0  4 

56 

6    2  1 

26 

2    2  1 

37 

2  18  4 

47 

4    3  6 

57 

6    7  10 

27 

2    3  3 

38 

3    0  4 

48 

4    6  11 

58 

6  13  11 

28 

2    4  6 

39 

3    2  5 

49 

4  10  6 

59 

7   0  6 

29 

2    5  9 

40 

3    4  7 

50 

4  14  3 

60 

7   7  6 

30 

2    7  1 

NEW  ZEALAND  GOVERNMENT  INSURANCE  DEPARTMENT. 

First  Quinquennial  Investigation. 
ANNUAL    REPORT,  1875—76. 
To  Policyholders. 

The  Commissioner  requests  the  co-operation  of  the  policyholders  in 
pointing  out  to  their  friends  the  benefits  of  life  insurance,  and  the  very 
favourable  terms  on  which  these  may  be  obtained  in  this  department. 

The  advantages  offered  by  this  department,  in  comparison  with 
those  of  private  offices,  are, — 

Government  Security  for  the  payment  of  every  policy. 

A  much  larger  Original  Insurance,  generally  from  £1,150 
to  £1,250  for  the  same  yearly  premium  as  would  elsewhere  be  charged 
for  £1000,  with  the  right  to  share  in  whatever  surplus  may  arise;  all 
profits  being  divisible  by  Act  among  policyholders  only. 

Copies  of  the  reports  and  other  pamphlets  will  be  forwarded  on 
application. 

Extracts  from  Annual  Report  of  the  Governmen  t  Insurance  Commissioner . 

New  Business. 

1,986  proposals  were  received  during  the  year  for  £717,341,  of 
which  501  were  declined  or  not  completed,  leaving  1,485  policies 
issued  for  £504,509,  the  particulars  of  which  are  shown  in  the  following 
summary : — 


Class. 

No.  of 
Policies. 

Sum  Assured. 

Single  Premium. 

Annual  Premium. 

Insurance  .    .  . 
Endowment    .  . 
Annuity     .    .  . 
Industrial  .    .  . 

Total     .  . 

1,215 
27 
6 

237 

£        s.  d. 
477,120    0  0 
3,950    0  0 
£218.  7s.  5c?.  per  an. 
23,439    1  0 

£     s.  d.- 
279    6  9 

2,356    4  5 

£       s.  d. 
16,224    1  1 
193    8  9 

848    0  8 

1,485 

504,509    1  0 

2,635  11  2 

17,265  10  6 
2,635  11  2 

Total  New  Premiums  

£19,901    1  8 
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Claims. 

The  claims  that  fell  in  during  the  year  were  41  in  number,  and 
amounted  to  £21,550,  caused  by  the  death  of  37  persons.  The  number 
of  losses  is  but  slightly  larger  than  those  for  the  previous  year,  but 
the  amount  is  increased  by  upwards  of  £9,000.  This  is  accounted 
for  by  the  fact  that  3  of  the  claims  amounted  to  more  than  one-third 
of  the  whole  sum  that  was  claimed.  On  the  other  hand,  2  annuitants 
have  died,  by  which  annuities  amounting  to  £180  have  ceased  to  be 
payable. 

Policies  Discontinued. 

A  summary  of  the  policies  discontinued  during  the  year  is  given 
in  the  following  table  : — 


t—  

How 
)iscontinued. 

Assurance  Branch. 

Endowment  Branch. 

Annuity  Branch. 

Industrial  Branch. 

cj  Sum 
~  Assured. 

° 

o  j 
£  j 

Annual 
Premiums. 

■A 

y 

o 
Ph 

;  "z 
5 

Sum 
Assured. 

Annual 
Premiums. 

1 

tw 
O 

z 

Amount 
of 

Annuity 

per 
annum. 

Annual 
Premiums. 

t» 
-j 

'o 

o 
P4 

o 

6 

28 
10 

Sum 
Assured. 

Annual 
Premiums. 

W  Death  . 
„  Expiry  . 
„  Surrender 
„  Change  . 
„  Lapse 
sot  taken  . 

Totals  . 

£ 

il  21,550 
1  100 

25  7,000 
4  2,700 

27  7,010 

. . . 

£  s.  d. 
683  1  0 
1  10  3 
252    3  3 

64  19  10 
199  11  7 

2 

4 

£ 

200 
450 

£  s.  d. 

14    4  0 
23  18  3 

2 

£ 

180 

£   s.  d. 

£  s. 

2,778  10 
982  17 

£  d. 

92  14  8 
45  14  4 

98  38,360 

1,201    5  11 

6 

650 

38    2  3 

2 

180 

38 

3,761  7 

138    9  0 

The  number  of  the  policies  issued  since  the  establishment  of  the 
department  is  7,413,  assuring  £2,602,285,  of  which  1,007  have  been 
discontinued,  leaving  6,-108  existing  policies,  assuring  £2,303,662. 


Accounts. 

The  Revenue  Account  and  Balance  Sheet  have  been  prepared  in 
accordance  with  the  41st  section  of  "  The  Government  Insurance  and 
Annuities  Act,  1874",  and  are  attached  to  this  Report.  In  the 
ordinary  branch,  notwithstanding  the  expenses  attending  the  Quin- 
quennial Valuation  (which  are  not  properly  chargeable  to  the.  year's 
expenses),  the  ratio  of  the  expenses  of  management  (including 
commission)  to  the  premium  income,  has  been  reduced  to  16  3  per- 
cent, as  against  374  per-cent  in  the  year  ending  30th  June  1872, 
clearly  showing  that  the  expenditure  incurred  on  new  business  has 
been  a  good  investment,  although  no  credit  whatever  was  taken  for 
such  investment  in  the  recent  Quinquennial  Valuation. 

Industrial  Branch. 

The  new  business  in  this  branch  was  discontinued  at  the  end  of 
the  financial  year,  although  it  was  fast  increasing;  the  Government 
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having  considered  that  there  were  circumstances  connected  with  the 
business  that  rendered  its  continuance  undesirable,  and  the  report  of 
the  English  Actuaries  shows  that  this  discontinuance  was  in  accordance 
with  their  views. 

General  Kemarks. 

Messrs.  Bailey  and  Pattison  having  pointed  out  that  the  rates  of 
premium  charged  on  older  ages  were  too  low,  the  tables  are  now  being 
revised  on  the  basis  of  the  "  Mortality  Experience  of  the  Institute  of 
Actuaries". 

A  valuation  is  also  being  made  by  the  Department,  which  is 
intended  to  be  done  annually,  in  addition  to  the  Quinquennial  Inves- 
tigation prescribed  by  law.  The  whole  of  the  operations  will  thus  be 
kept  under  review,  while  errors  (if  such  should  creep  in)  will  be 
detected,  and  the  stability  of  the  office  placed  beyond  doubt.  These 
arrangements  will  give  additional  confidence  to  the  public,  and  doubt- 
less will  tend  still  further  to  increase  the  business  of  the  Department. 

Revenue  Account  of  the  Ordinary  Branch  from  1st  July  1875 


to  SOth  June  1876. 

£      s.  d. 

Amount  of  Funds  on  1st  July  1875     ....  109,967  12  1 

Renewal  Premiums   61,136  13  6 

New  Premiums   8,411    2  1 

Single  Premiums  ........  346    1  9 

Consideration  for  Annuities  granted     ....  2,356    4  5 

Interest   6,669    6  11 

Fines   Nil. 

Miscellaneous   11  19  0 


£188,901  19  9 


£ 

s. 

d. 

Claims  .... 

.  21,550 

0 

0 

Surrenders  .... 

820 

4 

7 

Annuities  .... 

1,384 

17 

0 

Commission,  New  . 

1,507 

4 

2 

Commission,  Renewal  . 

1,408 

5 

7 

Travelling  Allowance,  Agents' 
Medical  Fees 

1,266 

4 

3 

1,794 

0 

0 

Travelling  Expenses 

299 

6 

6 

Advertising  .... 

.       .  276 

7 

3 

Salaries,  Head  Office 

2,500 

0 

0 

Extra  Clerical  Assistance 

284 

10 

0 

Salaries,  Travelling  Agents'  . 

938 

1 

2 

Printing  .... 

205 

4 

6 

Rent  

115 

8 

0 

Cost  of  Actuarial  Valuation 

705 

11 

8 

Miscellaneous 

76 

7 

10 

Written  off  Furniture  . 

52 

19 

9 

Amount  of  Funds  on  30th  June 

1876  !  ! 

.  153,717 

7 

6 

£188,901  19  9 
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Balance  Sheet  of  the  Ordinary  Branch,  30th  June  1876. 

LIABILITIES.  n       h  j 


O .  U/. 

Total  Funds,  as  per  Revenue  Account  ....  153,717    7  6 

Claims  announced  but  not  paid    .....  2,800    0  0 

Annuities  due  and  unpaid   122    8  8 

Commission,  New   660    4  11 

Commission,  Renewal   .......  36  14  3 

Travelling  Expenses   59    5  7 

Medical  Fees   535  10  0 

Advertising   37  16  4 

Agents'  Salaries   6  10 

Stationery   119    8  1 

Rent   35    8  0 

Messrs.  Pattison  &  Bailey's  Fees   500    0  0 

Miscellaneous   13    1  5 


£158,643    5  9 


ASSETS-  £       s.  d. 

Loans  upon  Policies     .......  584    1  3 

Investments  (Treasury  Bills)        .       .       .       .       .  147,400  18  6 

Office  Furniture,  Head  Office  and  Agencies  .       .       .  476    0  0 

Agents'  Balances   55  17  4 

Outstanding  Premiums        ......  5,817    2  4 

Outstanding  Interest    .       .       .       .       .       .       .  42  10  10 

Accrued  Interest   1,227  14  1 

Advance  to  Industrial  Branch      .....  478    4  3 

Cash   2,560  17  2 


£158,643    5  9 


REPORT  BY  THE  ACTUARIES    (Me.  A.   H.   BAILEY  and 
Me.  W.   P.  PATTISON). 

Ordinary  Branch. 


The  money  transactions  of  the  Ordinary  Branch,  during  the  five 
years  of  its  existence,  may  be  thus  summarized : — 


Income  eeom 

£       s.  d. 

£       s.  d. 

Premiums  

146,150    5  0 

Annuity  Purchase  Money- 

16,689  12  7 

Interest   

8,424    2  2 

Fines  and  Fees  .... 

81    5  11 

171,345    5  8 

Outgo  foe 

Claims  

22,750   0  0 

Surrenders  ..... 

293    7  11 

Annuities  ..... 

2,950    3  4 

Commission  ..... 

7,061    3  5 

Expenses  

28,322  18  11 

61,377  13  7 

Fund  at  30th  June  1875  . 

£109,967  12  1 
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The  Department  was  liable  at  the  same  date  for  4,958  Assurances 
for  £1,833,819,  21  Immediate  Annuities  of  £1,249,  and  10  Annuities 
of  other  descriptions  of  £935.  The  premiums  payable  under  these 
several  contracts  amounting  to  £57,510  per  annum. 

In  order  to  determine  the  sufficiency  of  the  fund  to  meet  these 
liabilities,  we  had  to  consider  upon  what  basis  the  valuation  should 
be  made.  No  sufficient  experience  has  yet  been  acquired  of  the 
mortality  among  assured  lives  in  New  Zealand  or  in  any  of  the 
Australian  Colonies ;  but,  having  regard  to  the  climate  and  character 
of  the  people,  there  is  reason  to  believe  that  it  will  not  differ  materially 
from  the  corresponding  mortality  in  England.  We  consider,  therefore, 
that  the  most  suitable  table  of  mortality  for  the  present  investigation 
is  that  known  as  the  Institute  of  Actuaries  HM,  and  we  have  adopted 
it  accordingly  for  the  assurance  risks.  This  table  exhibits  the  mor- 
tality among  130,243  male  lives,  assured  at  ordinary  rates  of  premium, 
by  twenty  of  the  principal  companies  in  Great  Britain,  between  the 
years  1797  and  1863.  The  number  of  years  of  life  passed  through 
was  1,283,034;  the  number  of  deaths  20,521;  and  from  the  care  and 
pains  bestowed  upon  all  the  details  of  the  work,  as  well  as  from  the 
reliance  to  be  placed  upon  the  accuracy  of  the  facts,  there  can  be  little 
doubt  that  this  table  is  the  most  trustworthy  exponent  of  the  mortality 
of  assured  lives  that  has  yet  been  published.  The  annuities  have  been 
valued  by  the  Carlisle  Table,  the  HM  Table  not  being  suitable  for  this 
class  of  liabilities,  many  annuities  being  granted  upon  female  lives. 

As  regards  the  rate  of  interest,  the  36th  and  37th  sections  of  "  The 
Government  Insurance  and  Annuities  Act,  1874 ",  direct  that  all 
moneys  received  under  the  Act  shall  be  paid  into  the  public  account, 
and  may  be  invested  in  certain  specified  securities.  For  any  uninvested 
part  of  such  moneys,  interest  at  the  highest  Bank  rate  allowed  at  the 
time  for  other  trust  funds  shall  be  credited  to  the  insurance  account. 

From  the  last  report  of  the  Commissioner,  it  appears  that,  with 
the  exception  of  a  small  working  balance,  the  whole  fund  is  invested 
in  Treasury  Bills,  bearing  interest  at  the  rate  of  £5.  2s.  6d.  per-cent 
per  annum.  This  may,  perhaps,  be  a  somewhat  higher  rate  than  will 
be  always  obtainable  in  future,  but  we  think  that  there  can  be  little 
doubt  that  for  some  time  to  come  the  rate  of  interest  will  be  materially 
higher  in  New  Zealand  than  in  England;  and  we  consider,  therefore, 
that,  for  the  purpose  of  the  present  investigation,  we  shall  be  quite 
justified  in  assuming  for  our  calculations  4|  per-cent  as  the  rate  of 
interest,  and  have  done  so  accordingly.  This  rate  is  employed  in  the 
calculations  of  the  Insurance  Department  of  New  York,  and  of  several 
other  of  the  United  States  of  America,  and,  in  our  judgment,  is  the 
best  suited  for  the  Insurance  Department  of  New  Zealand. 

To  make  provision  for  future  expenses,  profits,  and  contingencies, 
the  value  of  what  is  called  the  "loading"  has  been  computed  and 
reserved :  that  is,  a  special  calculation  has  been  made  for  each  policy 
of  the  bare  premium  which  would  be  sufficient  for  the  risk  according 
to  the  table  of  mortality  and  rate  of  interest  assumed  for  the  valuation, 
and  the  difference  between  the  premiums  actually  payable  and  the 
premiums  thus  computed,  has  been  capitalized  and  reserved. 

Provision  is  thus  made,  among  other  things,  lor  the  heavier 
mortality  expected  among  those  lives  on  which  extra  premiums  have 
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been  charged  for  health  or  occupation.  The  additional  annual  premiums 
form  in  this  manner  a  special  fund  available  to  meet  the  increased 
annual  mortality. 

The  summary  and  valuation  of  the  Ordinary  Branch  made  on 
these  principles  will  be  found  in  the  annexed  Schedule.  The  general 
result  is  as  follows  : — 

Fund  £109,967 

Estimated  Liability      .       .       .  97,776 

Surplus    .       .  £12,191 


Having  regard  to  the  rates  of  premium  charged,  we  think  that 
this  result  is  satisfactory;  but  we  wish  to  add  that,  in  our  opinion, 
this  surplus  would  not  be  properly  divisible.  As  no  division  is  to  be 
made  until  another  five  years  have  elapsed,  the  question  does  not  now 
arise.  But  when  that  time  shall  come,  we  think  that  a  further  reserve 
will  have  to  be  made  for  the  future  bonuses  on  those  policies  on  which 
a  limited  number  of  premiums  only  is  payable,  and  which  constitute 
about  11  per-cent  of  the  number.  If  the  loading  on  this  class  of 
assurances  had  been  distributed  equally  over  the  whole  term  of  life, 
and  a  corresponding  reserve  made  on  the  present  occasion,  we  believe, 
from  some  calculations  we  have  made,  that  the  surplus  would  have 
been  materially  reduced. 

The  rates  of  premium  are  undoubtedly  very  low,  especially  at  the 
older  ages.  They  are  below  the  prevailing  rates  in  this  country,  and 
are  lower  than  are  generally  charged  by  the  principal  assurance 
societies  in  the  Australian  Colonies. 

Xo  considerable  surplus  is,  we  think,  likely  under  any  circum- 
stances to  accrue  from  such  premiums.  Their  sufficiency  will  depend 
mainly  upon  the  cost  at  which  the  business  will  in  future  be  conducted, 
and  the  rate  of  interest  at  which  the  funds  will  be  invested. 

During  the  five  years  now  under  review,  commission  and  expenses 
have  absorbed  more  than  24  per-cent  of  the  premiums;  but  by  the 
last  report  it  appears  that  the  rate  of  expense  for  the  year  ending  30th 
June  1875,  was  19*2  per-cent,  and  there  is  reason  to  believe  that  it 
will  continue  to  decline.  If,  however,  the  rate  of  interest  should  fall 
materially  in  future,  we  think  that  the  rates  must  then  undergo  a 
general  revision ;  and  under  any  circumstances  we  think  that  the 
premiums  at  the  older  ages,  are  too  low  and  ought  to  be  raised. 

Industrial  Branch. 

The  money  transactions  of  this  branch  show  a  deficiency  of 
£501.  35.  7d.  There  have  been  granted  76  policies  for  assurances  of 
£8,105,  paying  in  premiums  £5.  5s.  Id.  weekly.  A  valuation  of  these 
risks,  made  on  the  same  principle  as  for  the  ordinary  branch,  results  in 
an  estimated  liability  of  £53,  so  that  the  apparent  deficiency  is  thereby 
increased  to  £554.  This  of  itself  is  unimportant,  as  the  business  has 
been  started  so  recently,  and  the  amount  is  small;  but  it  seems  to  us 
to  be  worthy  of  serious  consideration  whether  the  Department  should 
grant  such  assurances  at  all.  The  intention  apparently  was  to  under- 
take risks  like  those  of  Friendly  Societies.    The  object  of  the  death 
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payments  in  these  societies  is  not  family  provision  or  business 
requirements,  but  almost  invariably  to  provide  a  small  sum  of  money 
(not  exceeding  £10)  for  funeral  expenses;  but  the  assurances  of  this 
branch  of  the  Department  belong  to  an  entirely  different  class,  the 
average  amount  being  £107.  It  is  surely  unnecessary  to  incur  the 
trouble  and  expense  of  a  separate  organization  for  such  business  as 
this.  It  is  not  easy  to  understand  that  persons  in  a  position  to  effect 
these  assurances  can  have  any  real  difficulty  in  paying  premiums 
quarterly;  and  it  is  surely  to  their  interest  to  avoid  the  increased 
expense  which  a  system  of  weekly  collections  must  occasion. 


FOURTH  SCHEDULE. 

On  the  present  occasion  no  distribution  of  profits  has  to  be  made. 

The  table  of  mortality  used  in  the  valuation  of  policies  was  the 
Institute  of  Actuaries  Life  Tables  (HM),  deduced  from  the  mortality 
experience  of  life  assurance  companies.  Fourteen  policies  involving 
more  than  one  life  were  valued  by  the  Carlisle  Table. 

The  annuities  were  valued  by  the  Carlisle  Table. 

The  rate  of  interest  assumed  in  the  valuation  of  all  the  policies 
and  annuities  was  4-|  per- cent. 

The  difference  between  the  premiums  payable  under  the  policies 
and  the  computed  net  premium  by  HM,  4&\  per-cent,  has  been  in  each 
case  reserved.  The  amount  so  reserved  on  the  ordinary  whole-life 
policies  by  an  uniform  premium  amounted  to  21f  per-cent  on  the 
premiums  payable. 

The  time  during  which  a  policy  must  be  in  force  in  order  to  entitle 
it  to  share  in  the  profits. 

We  are  not  aware  that  the  New  Zealand  Insurance  Department 
have  yet  determined  this  point. 

Summary  and  Valuation  (see  p.  381). 


FIFTH  SCHEDULE. 

The  average  rate  of  interest  at  which  the  funds  of  the  Department 
were  invested  at  the  close  of  each  financial  year : — 

30  June  1871     ...       6  per-cent. 


1872 
1873 
1874 
1875 


6  per-cent. 
5  per-cent. 
5  per-cent. 
5*08  per-cent. 


The  table  of  mortality  used  for  calculating  the  surrender  values  of 
policies  is  that  known  as  the  "Seventeen  Offices'  Experience ".  The 
rate  of  interest  assumed  in  every  case  is  4  per-cent.  A  deduction  of 
20  per-cent  from  the  value  thus  calculated  determines  the  surrender 
value  allowed.  In  the  case  of  children's  Endowments,  the  return  of 
all  premiums  paid,  without  interest,  is  allowed  as  a  surrender  value. 

In  the  case  of  policies  on  which  extra  premiums  have  been  charged 
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for  impaired  health  or  other  causes,  the  surrender  value  is  calculated 
as  if  the  premium  for  the  true  age  at  entry  had  heen  charged. 

Policies  on  lives  believed  to  have  an  expectation  of  life  less  than 
the  average  are  issued  at  increased  premiums,  corresponding  with  those 
charged  at  higher  ages.  In  all  calculations,  whether  for  purposes  of 
valuation  or  surrender,  they  are  dealt  with  at  the  true  ages,  as  if  no 
increase  in  the  premiums  had  been  made. 


The  Published  Tables  or  Premiums. 

For  the  Assurance  of  Lives  resident  in  any  part  of  the  World, 
except  within  25  degrees  of  the  Equator. 


Premiums  to  secure  £100,  payable  at 
Death. 


Endowment  Assurance.  —  Annual  Premiums 
to  secure  £100,  to  be  paid  as  indicated, 
or  at  Death,  if  prior. 


Age 
next 
Birth- 
day. 

Single 
Premium. 

Annual 
Premiums 
to  cease 

after 
20  years. 

Annual 
Premium, 
Whole 
Life. 

At  Age 
65. 

At  Age 
55. 

At  Age 
45. 

Age 
next 
Birth- 

£ 

s. 

d. 

£  s. 

d. 

£  s. 

d. 

£ 

s. 

c?. 

£ 

s. 

d. 

£ 

s. 

d. 

20 

28 

1 

8 

2  1 

6 

1  10 

4 

1 

13 

2 

2 

2 

0 

3 

1 

3 

20 

21 

28 

12 

8 

2  2 

5 

1  11 

1 

1 

14 

3 

2 

3 

8 

3 

4 

7 

21 

22 

29 

4 

4 

2  3 

6 

1  11 

11 

1 

15 

5 

2 

5 

5 

3 

8 

4 

22 

23 

29 

16 

6 

2  4 

1  12 

10 

1 

16 

7 

2 

7 

5 

3 

12 

4 

oo 

24 

30 

9 

2 

2  5 

7 

1  13 

10 

1 

17 

11 

2 

9 

5 

3 

16 

10 

24 

25 

31 

2 

4 

2  6 

8 

1  14 

11 

1 

19 

3 

2 

11 

9 

4 

1 

9 

ZD 

26 

31 

15 

10 

2  7 

9 

1  16 

0 

2 

0 

7 

2 

14 

3 

4 

7 

3 

2o 

27 

32 

9 

10 

2  9 

0 

1  17 

1 

2 

2 

3 

2 

16 

10 

4 

13 

'4 

27 

28 

33 

7 

0 

2  ID 

4 

1  18 

2 

2 

3 

11 

2 

19 

8 

5 

0 

4 

28 

29 

33 

17 

2 

2  11 

5 

1  19 

4 

2 

5 

6 

3 

2 

6 

\ 

7 

11 

29 

30 

35 

9 

6 

2  12 

5 

2  0 

6 

2 

7 

1 

3 

5 

8 

5 

16 

5 

OA 

30 

31 

35 

1 

11 

2  13 

5 

2  1 

8 

2 

8 

9 

3 

9 

0 

6 

6 

2 

31 

32 

35 

14 

10 

2  14 

6 

2  2 

10 

2 

10 

8 

3 

12 

6 

6 

17 

5 

oZ 

33 

36 

8 

6 

2  15 

10 

2  4 

0 

2 

12 

6 

3 

16 

8 

7 

10 

8 

33 

34 

37 

3 

0 

2  17 

0 

2  5 

2 

2 

14 

7 

4 

1 

0 

8 

6 

5 

34 

35 

37 

18 

0 

2  18 

2 

2  6 

6 

2 

16 

11 

4 

6 

0 

9 

5 

5 

35 

36 

38 

13 

4 

2  19 

8 

2  8 

0 

2 

19 

5 

4 

11 

6 

36 

37 

39 

9 

10 

3  1 

0 

2  9 

6 

3 

2 

1 

4 

17 

7 

37 

38 

40 

6 

3 

3  2 

7 

2  11 

2 

3 

4 

11 

5 

4 

5 

38 

39 

41 

3 

2 

3  4 

0 

2  12 

11 

3 

8 

2 

5 

12 

1 

39 

40 

41 

19 

11 

3  5 

7 

2  14 

8 

3 

11 

3 

6 

0 

9 

40 

41 

42 

16 

0 

3  7 

0 

2  16 

5 

3 

14 

7 

6 

10 

8 

41 

42 

43 

12 

0 

3  8 

5 

2  18 

2 

3 

18 

o 

7 

1 

9 

12 

43 

44 

8 

0 

3  10 

0 

2  19 

11 

4 

2 

1 

7 

14 

9 

43 

44 

45 

4 

10 

3  11 

6 

3  1 

10 

4 

6 

6 

8 

10 

3 

44 

45 

46 

1 

11 

3  13 

0 

3  3 

10 

4 

11 

2 

9 

8 

9 

45 

46 

47 

0 

1 

3  14 

9 

3  6 

0 

4 

16 

5 

46 

47 

47 

19 

4 

3  16 

10 

3  8 

5 

5 

2 

5 

17 

48 

48 

19 

11 

3  19 

2 

3  11 

0 

5 

9 

3 

48 

49 

50 

2 

5 

4  1 

8 

3  14 

0 

5 

17 

2 

49 

50 

51 

6 

6 

4  4 

0 

3  17 

4 

6 

6 

2 

50 

51 

52 

12 

1 

4  6 

9 

4  1 

1 

6 

16 

9 

51 

52 

53 

18 

2 

4  10 

5 

4  5 

0 

7 

8 

10 

52 

53 

55 

4 

8 

4  14 

5 

4  9 

3 

8 

2 

11 

53 

54 

56 

11 

7 

4  18 

3 

4  13 

6 

8 

19 

7 

54 

55 

57 

19 

3 

5  2 

3 

4  18 

0 

9 

19 

8 

55 
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Annuities  and  Endowments. 


Immediate  Annuities.— Table  showing  the  Sum  to  be  paid  for  an  Immediate 
Life  Annuity  of  Jt'l,  payable  by  Half-Yearly  Instalments,  according  to  the 
Age  and  Sex  of  the  Person  upon  whose  Life  the  Annuity  is  to  depend. 


Age 
last 
Birth- 
day. 

Males. 



Females. 

Age 
last 
Birth- 
day. 

Males. 

Females. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

d. 

20 

18 

3 

0 

18 

4 

7 

46 

13 

8 

3 

13 

9 

0 

21 

18 

0 

5 

18 

2 

2 

47 

13 

3 

3 

13 

14 

3 

22 

17 

17 

10 

17 

19 

9 

48 

12 

18 

2 

13 

9 

3 

23 

17 

15 

2 

17 

17 

4 

49 

12 

12 

11 

13 

4 

1 

24 

17 

12 

5 

17 

14 

10 

50 

12 

7 

7 

12 

18 

10 

25 

17 

9 

7 

17 

12 

3 

51 

12 

2 

2 

12 

13 

4 

26 

17 

6 

8 

17 

9 

8 

52 

11 

16 

9 

12 

7 

7 

27 

17 

3 

8 

17 

7 

0 

53 

11 

11 

3 

12 

1 

8 

28 

17 

0 

7 

17 

4 

3 

54 

11 

5 

7 

11 

15 

7 

29 

16 

17 

5 

17 

1 

6 

55 

10 

19 

11 

11 

9 

8 

30 

16 

14 

2 

16 

18 

7 

56 

10 

14 

2 

11 

3 

7 

31 

16 

10 

10 

16 

15 

8 

57 

10 

8 

3 

10 

17 

7 

32 

16 

7 

5 

16 

12 

8 

58 

10 

2 

4 

10 

11 

5 

33 

16 

3 

10 

16 

9 

6 

59 

9 

16 

4 

10 

5 

4 

34 

16 

0 

2 

16 

6 

4 

60 

9 

10 

3 

9 

19 

1 

35 

15 

16 

5 

16 

3 

0 

61 

9 

4 

2 

9 

12 

10 

36 

15 

12 

7 

15 

19 

7 

62 

8 

18 

0 

9 

6 

7 

37 

15 

8 

8 

15 

16 

1 

63 

8 

11 

10 

9 

0 

4 

38 

15 

4 

7 

15 

12 

6 

61 

8 

5 

8 

8 

14 

0 

39 

15 

0 

5 

15 

8 

9 

65 

7 

19 

7 

8 

7 

9 

40 

14 

16 

2 

15 

4 

10 

66 

7 

13 

6 

8 

1 

6 

41 

14 

11 

9 

15 

0 

11 

67 

7 

7 

5 

7 

15 

4 

42 

14 

7 

3 

14 

16 

10 

68 

7 

1 

6 

7 

9 

3 

43 

14 

2 

8 

14 

12 

7 

69 

6 

15 

8 

7 

3 

2 

44 

13 

18 

0 

14 

8 

2 

70 

6 

9 

11 

6 

17 

3 

45 

13 

13 

2 

14 

3 

8 

Endowments  for  Children,  with  Return  or  Premiums. — Rates  of  Premium 
to  secure  Endowments  of  £100.  The  Premiums  to  be  returned  without 
Interest  if  Death  occur  previous  to  the  specified  Age. 


To  be  paid  at  the  Age  of  14. 


Age 
next 
Birth- 
day. 


Single 
Premium. 


Annual 
Premium. 


£ 
59 
62 
65 
68 
71 
74 
77 


s. 
5 
7 
7 

6 
6 
7 

9 

80  13  11 

84    0  4 


d. 
6 
3 
5 
8 
6 
3 
7 


£  s.  d. 
6    3  7 

6  17  0 

7  12  10 

8  11  10 

9  15  1 
11  4  2 
13  1  8 
15  11  9 
19    1  10 


To  be  paid  at  the  Age  of  21. 


Age 

next   !  Single 
Birth-  Premium, 
day. 


Annual 
Premium. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 


£  s. 
43  19 
46  6 
48  12 
50  17 


53 
55 


3 
10 


57  18 
60  7 
62  18 
65  12 


68 
71 
74 
77 


d. 
9 
7 
5 
8 
6 
1 
0 
6 

10 
2 
6 
1 

11 
0 


£ 
3 
3 
3 
4 
4 
5 
5 
6 
6 
7 


8 
13 
19 

6 


3 
9 
6 
3 


13  10 

2  5 


12 

3 

17 
12 


3 
7 
3 
8 

8  11  8 

9  14  11 
11  4  1 
13    1  6 
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Table  showing  the  Minimum  Surrender  Value  of  Policies  for  £100. 


Age  at  Entry. 

By  Equal  Annual  Premiums  for  the 
Whole  Term  of  Life. 

For  the  Whole  Term  of  Life. 
Premiums  limited  to  10  Annual 
Payments. 

Endowment  Assurances  payable  on 
attaining  the  Age  of  55,  or  at 
previous  Death. 

Minimum  Surrender  Values  at  the  end  of 

5  Years. 

10  Years. 

15  Years. 

5  Years. 

10  Years. 

15  Years. 

5  Years. 

10  Years. 

15  Years. 

20 
25 
30 
35 
40 
45 
50 
55 

£    s.  d. 

2  13  3 

3  4  11 

3  19  5 

4  18  2 

6  2  10 

7  9  4 

8  17  3 
10    8  10 

£    s.  d. 
5  16  0 

7  1  1 

8  12  8 
10  13  6 
13    0  9 
15  10  1 
18    2  11 
20  19  9 

£    s.  d, 
9    9  8 
11  10  7 
14    2  3 
17    2  11 
20    9  1 
23  18  5 
27  10  6 
31    2  7 

£    s.  d. 
10  18  1 

12  2  7 

13  11  8 
15    4  4 
17    3  7 
19    4  10 
21    5  5 
23    4  1 

£    s.  d. 
24    9  10 
27    5  0 
30    9  8 
34    5  9 
38  11  1 
43    2  11 
47  19  1 
52  16  4 

£    s.  d. 
27    4  11 
30    9  8 
34    5  9 
38  11  1 
43    2  11 
47  19  1 
52  16  3 
57    9  9 

£    s.  d. 
5    9  8 
7    4  2 
9  14  7 
13  14  1 
20  13  0 
34  18  10 
100    0  0 

£     s.  d. 
12    3  11 
16    1  2 
21  15  4 
30  16  3 
46  11  6 
100    0  0 

£     s.  d. 
20    8  10 
27    0  3 
36  15  11 
52    5  11 
100    0  0 
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On  the  carrying  out  of  Reversionary  Transactions  by  Life  Assur- 
ance Companies.  By  James  R.  Macfadyen,  of  the  Legal 
and  General  Life  Assurance  Society. 

[Read  before  the  Institute  26  November  1877.] 

Some  years  ago  I  had  the  honour  of  reading  before  this  Institute 
a  paper  which,  though  mainly  devoted  to  a  study  of  surrender  values, 
treated  such  surrender  values  as  purchases  by  life  offices  of  reversions. 
On  that  occasion  I  stated  that  sound  British  companies  could  well 
afford  to  repurchase  their  own  acceptances  at  6  or  even  at  5  per-cent. 
Subsequent  experience  has  done  much  to  confirm  me  in  the  opinion 
then  expressed,  but  I  did  not  then,  nor  do  I  now  assert  that 
offices  should  on  such  terms  purchase  other  reversions  than  their 
own  policies;  and  I  trust  it  will  not  be  thought  wasting  your 
time,  if  I  preface  this  paper  by  enumerating  a  few  considerations 
which  seem  to  indicate  that  the  present  market  price  of  reversions 
gives,  comparatively,  a  return  none  too  high  to  an  investor.  Such 
market  rate  I  take  to  be  5  per-cent  in  the  case  of  an  investor  who 
does  not  stand,  or,  what  is  the  same  thing,  arrives  at  his  price  as 
if  he  did  not  intend  to  stand,  any  risk  of  loss,  whether  through 
longevity  of  life  tenant  or  death  of  reversioner.    Purchasers  who, 
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though  willing  to  bear  the  annuity  risk,  insist  on  opening  a  policy, 
and  thus  transfer,  or  apparently  transfer,  the  assurance  risk,  look, 
I  take  it,  for  at  least  6  per-cent  on  their  investment.  If  the  extreme 
yield  of  other  investments  suitable  to  life  offices  be  assumed  to  be 
4^  or  5  per-cent,  reversions  are  more  profitable  by  at  most  1  or 
1^  per-cent.  This  greater  yield  of  reversionary  transactions  does 
not  seem  to  be  excessive  when  their  peculiar  nature  is  taken  into 
consideration.  Money  is  locked  up  in  them  for  a  very  lengthened 
period.  The  amount  to  which  the  advances  may  run  up  is  unknown, 
and  thus  the  individual  return  is  beyond  the  power  of  prediction. 
It  is  not  uncommon  that  a  full  investigation  of  title  or  value  is 
impracticable.  The  vendor  may  inflict  on  the  purchaser,  if  such 
purchaser  assure  himself,  a  heavy  loss  from  death  through  a  breach 
of  contract.*  There  may  be  difficulties  of  identification  of  parties. 
Altogether,  the  causes  which  induce  a  prudent  investor  in  reversions 
to  look  nearly  as  much  to  the  standing  of  the  introducer  of  the 
business,  as  to  what  appears  on  the  face  of  the  transaction,  combine 
to  indicate  that  the  excess  interest  rate  obtained  on  reversions  is 
none  too  high  for  the  extra  risk  involved.  I  therefore  have  based 
the  following  investigations  on  the  ordinary  market  price  of  the 
day,  and  have  in  my  analysis  tried  to  obtain  results  which  on  the 
average  of  transactions  will  return  at  least  such  market  price. 
Nevertheless,  however  much  we  may  deprecate  the  cutting  down 
of  the  profit  on  reversions,  it  is  to  be  feared  the  tendency  nowadays 
is  all  in  that  direction. 

The  ordinary  formulae  for  the  value  of  reversions  keep  back 
the  cost  of  an  annuity  to  provide  the  interest,  and,  if  necessary, 
the  premiums,  till  the  benefit  falls  into  possession.  A  private 
purchaser,  if  he  wish  to  make  himself  absolutely  secure,  actually 
purchases  this  annuity ;  but  when  the  buyer  is  an  assurance  com- 
pany, this  annuity  is  now,  so  far  as  I  know,  never  taken  out  f  j 
even  although  all  offices,  I  believe,  are  careful,  if  assurances  form 
part  of  the  transaction,  to  set  them  up  in  whole  or  part.  Whether 
these  assurances  be  opened  within  the  office  itself,  or  elsewhere,  is 
not  now  the  question.    In  the  following  analysis  the  assurance 

*  Even  when  the  policy  is  opened  with  third  parties,  this  loss  may  arise  unless 
all  risks  whatever  be  covered  in  the  policy  from  the  first.  The  ordinary  clause 
protecting  an  innocent  holder  of  a  policy  from  loss,  provided  that  on  hearing  of 
the  transgression  of  conditions,  he  informed  the  office,  and  paid  such  extra 
premium  as  the  Directors  might  consider  reasonable,  would  be  of  little  use  in 
the  case,  when,  say,  the  life  assured  volunteered  for  the  War  in  the  East,  and  got 
killed  before  the  policyholder  knew  of  his  breach  of  contract. 

f  With  reference  to  this  point,  we  beg  leave  to  refer  our  readers  to  Mr. 
Sprague's  statement,  vol.  xvii,  p.  248. — Ed.  J. I. A. 
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company  as  a  buyer  of  reversions,  and  the  assurance  company  as  a 
seller  of  them,  are  treated  as  absolutely  distinct  bodies.  Such 
profit  or  loss  as  may  be  realised  on  a  reversion,  is  taken  as  simply 
the  profit  or  loss  arising  from  the  deviation  from  the  average  of 
the  annuity  charged  at  average  price  to  the  seller.  Now  even  of 
assurance  policies  it  can  hardly  be  said  that  the  general  run  of 
companies  have  a  sufficient  number  to  save  them  from  inconvenient 
mortality  fluctuations.  But  the  class  of  business  in  which  the 
liability  is  greatest  at  the  beginning  of  the  transaction,  is  large  as 
compared  with  that  in  which  the  liability  is  a  maximum  at  the 
close.  If  then,  companies  have  to  endure  severe  fluctuations  on 
their  assurance  trading,  still  more  intense  fluctuations  may  be 
looked  for  in  their  annuity  trading.  And  thus  the  profit  realised 
by  an  office  on  its  purchase  of  reversions  is  of  a  very  changeful 
and  wavering  character.  If  this  be  the  case  with  the  purchaser 
of  reversions,  how  much  more  strongly  is  it  so  with  their  seller  ! 
Each  individual  vendor  of  a  reversion  is  in  the  position  of  an 
assurance  company  with  only  one  policy  on  its  books,  and  which  is 
accordingly  liable  to  suffer  ruinous  loss,  or  it  may  be,  to  realise 
extravagant  gain  on  the  transaction.  Any  expedient  then,  which  can 
be  devised  to  lessen  the  excessive  risk  run  by  both  parties  to  the 
contract  in  the  sale  of  a  reversion,  is  a  gain  to  both,  though  it  is 
especially  so  to  the  vendor.  The  main  object  then,  I  have  set  before 
myself  in  this  paper,  is  to  seek  a  method  of  dealing  with  reversions, 
which,  while  in  no  way  lessening  the  average  profit  on  such  trans- 
actions, will  sacrifice  part  of  the  excessive  gain  realised  by  a  com- 
pany when  the  life  tenant  dies  early,  in  consideration  of  obtaining 
the  diminution  of  the  excessive  loss  endured  when  the  life  tenant  dies 
late.  It  has  been  said  that  the  method  of  dealing  with  reversions 
here  analysed,  "sacrifices"  some  part  of  the  profit  resulting  from  the 
reversion  falling  in  early.  The  method  adopted  consequently  makes 
no  attempt  to  debit  the  seller  with  the  cost  of  assurances  to  provide 
the  profit  relinquished.  Such  a  principle  of  action  would  not  only 
be  contrary  to  the  central  idea  of  the  system,  but  would  break 
down  in  practice.  For  the  heavy  loadings  on  the  extra  assurances 
needful,  would  render  the  method  unworkable  in  most  cases. 


Absolute  Eeversions. 

First,  to  apply  our  analysis  to  absolute  reversions.  Say  an 
absolute  charge  payable  after  the  death  of  a  person  aged  (x)  is 
granted  in  the  following  manner.    The  amount  of  the  advance  to 

2d2 
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the  seller  is  the  present  value  of  an  absolute  reversion  of  1.  In 
consideration  of  this  advance,  there  is  granted  a  charge,  the 
amount  of  which,  if  the  person  aged  (x)  die  within  the  next  n  years, 
is  to  be  lib,  but  if  the  death  occur  after  the  n  years,  the  amount 

of  the  charge  is  to  be       +z^.    It  is  required  to  find  the  value 

of  z.  The  symbol  b  of  course  represents  any  given  number 
greater  than  1,  that  may  be  wished.  The  following  will  be  at 
once  seen  to  be  the  equation  of  value  : 

+  +  +        .  (1) 

whence  we  have 

(i^){i-4i+fla,)} 
5gf  {1-41 

In  practice,  the  rates  employed  for  the  quantities  within  the 
brackets,  would  be  those  that  would  be  used  in  the  purchase  of 

the  reversion  in  the  ordinary  way ;  and  for  the       +n  would  be 

employed  the  rate  of  interest  sought  on  the  transaction,  and  such 
table  of  mortality  as  would  not  bring  out  more  favourable  results 
to  the  seller  than  that  employed  in  the  other  parts  of  the  ex- 
pression. 

The  problem  may,  however,  be  solved  from  another  point  of 
view.  The  ultimate  possible  charge,  less  the  temporary  assurance 
to  secure  it,  is  equivalent  to  the  equalised  charge.    That  is, 


z  = 


(l-^l  +  a*)}  r-sK=\-d{\  +  ax)  (2) 

l_I)|l_^(l  +  a<c)J 


whence 


\  —  d(\-]-ax)  —  Kx 


Here,  in  practice,  the  temporary  assurance  would  be  calculated 
by  the  company's  selling  rates  for  such  assurances ;  the  remaining 
parts  of  the  expression  being  as  in  the  former  method  of 
calculation. 

These  two  expressions  for  z  are  of  course  identical  when  homo- 
geneous. When  otherwise,  it  is  only  possible  to  say  which  gives  the 
more  favourable  results,  after  a  comparison  of  the  actual  rates 
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employed.  The  latter  formula,  since  it  manages  to  extract 
assurances  from  absolute  reversions,  is  likely  to  be  the  more 
popular  in  practice  with  a  life  company.  Either  formula  can  be 
employed  when  the  advance  is  fixed,  and  the  charge  is  the 
quantity  to  be  determined.  The  latter  expression  is  the  one 
which  most  offices  would  use  when  purchasing  a  reversion  of  a 
fixed  amount.  Instead  of  the  company  paying  the  full  cash  value 
of  such  reversion,  it  offers  the  alternative  of  giving  somewhat  less 
than  that  cash  value,  compensating  the  seller  by  allowing  him  to 
retain  for  a  term  of  years  an  interest  in  a  portion  of  the  reversion. 
The  preceding  analysis  shows  that  this  is  equivalent  to  allowing 
the  seller  to  purchase  with  the  portion  of  the  cash  value  of  his 
reversion  kept  back  from  him,  a  temporary  assurance  for  n  years 
on  the  life  of  the  person  after  whom  the  reversion  falls  into 
possession.  Though  this  is  the  effect  of  the  analysis,  it  would  be 
objectionable  to  actually  hand  over  to  the  vendor,  as  part  payment 
for  his  reversion,  a  policy  of  assurance.  By  doing  this,  the  com- 
pany would  be  exchanging  a  security  of  its  own,  and  of  which 
it  thoroughly  knew  the  value,  for  a  security  concerning  which, 
however  good  in  fact,  it  could  not  have  the  same  certain  know- 
ledge. And  it  is  possible  to  imagine  cases  in  which  the  reversion 
bought  was  not  received,  while  the  company  was  still  legally  liable 
under  its  policy.  For  these  reasons,  then,  it  seems  objectionable 
to  hand  over  to  the  seller  the  assurance  policy  as  part  payment 
of  his  reversion.  All  that  is  suggested  is,  that  the  temporary 
assurance  policy  be  actually  passed  into  the  office  books,  and  that 
the  premium  account  draw  on  the  reversion  account,  for  the 
amount  of  the  premium  under  such  policy.  If  this  be  done,  the 
reversion  in  all  valuations  will  be  held  to  be  of  the  full  amount  it 
would  otherwise  only  attain  after  n  years.  From  the  nature  of 
the  case,  the  assurance  must  be  without  medical  examination.  Of 
course  such  examination  can  be  dispensed  with  by  the  company 
purchasing ;  for,  if  the  proportion  of  the  whole  reversion  which  is 
to  be  payable  in  the  event  of  the  life  aged  (x)  dying  within  n 
years  be  properly  adjusted,  the  office  will  gain  more  by  the  death 
of  (x)  within  the  n  years,  than  it  will  lose  under  the  term  policy. 
But  equally  of  course,  since  this  profit,  gained  by  the  office  on  the 
reversion,  is  not  shared  with  other  companies,  no  part  of  the  risk 
under  the  term  policy  can  be  reassured.  This  inability  to  re- 
assure is,  however,  a  difficulty  more  apparent  than  real.  So  far  as 
the  actual  profit  and  loss  is  concerned,  an  office  might  open  the 
temporary  policy  for  any  sum,  however  much  it  might  nominally 
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exceed  the  maximum  line  on  a  single  risk.  The  only  objection,  if 
objection  it  can  be  called,  that  I  can  see  to  its  doing  so  is,  that  a 
company  might  not  relish  the  possible  appearance  in  its  accounts 
for  the  year  of  an  enormous  increase  in  the  amount  of  u  claims 
under  policies",  while  the  still  more  enormous  increase  in  the 
"  profit  on  reversions  fallen  in "  showed  no  connection  with  such 
claim  amount.  Even  if  this  be  considered  an  objection,  the  cases 
are  very  few  in  which  a  transaction  is  so  large  as  to  preclude 
the  adjustment  of  the  stages  of  the  charge  before  and  after  n 
years,  so  that  their  difference  shall  not  exceed  the  maximum 
amount  held  by  a  company  under  a  policy.  In  such  few  cases 
this  scheme  of  treating  reversionary  transactions  does  not  fail, 
but  the  book  entry  method  suggested  may  be  thought  objection- 
able to  carry  out.  If  in  such  few  cases  it  be  so  considered, 
the  transaction  can  be  completed  without  the  actual  opening  of 
the  policy. 

In  consequence  of  the  reversioner  retaining  under  this  scheme 
for  a  term  of  years  an  interest  in  the  reversion,  one  of  the  gravest 
objections  to  the  purchase  of  reversions  will,  for  such  term,  be 
without  force.  So  long  as  the  seller  has  a  balance  to  receive,  he 
will  take  care  that  no  time  is  lost  in  apprising  the  company  of  the 
death  of  the  life  tenant,  and  aiding  it  to  prove  the  death.  Even 
after  the  seller  of  a  reversion  has  lost  the  interest  he  held  during 
a  term  of  years,  the  office  purchasing  will  be  in  no  worse  a  position 
with  regard  to  supervision  of  the  life  tenant  than  under  a  rever- 
sion bought  in  the  ordinary  way. 

The  method  of  treating  reversions,  now  under  analysis,  requires 
in  practice  that  the  stages  of  the  charge  to  be  given  be  so  adjusted 
that,  even  if  the  reversion  falls  into  possession  just  before  the  end 
of  the  n  years,  the  company  shall  neither  lose  part  of  its  capital, 
nor  fail  of  a  reasonable  return  upon  it.  I  say  "in  practice/' 
because  in  theory  it  might  be  held  that  the  loss  in  one  case  would 
be  balanced  by  the  profit  on  another.  An  arrangement  of  terms, 
however,  which  compelled  the  office  to  lose,  should  death  occur 
within  the  n  years,  would  be  obviously  objectionable  in  practice,  to 
say  nothing  of  the  danger  of  selection  it  would  open  up  in  cases 
where  the  life  tenant  was  uninsurable.  The  proportion  of  the 
reversion  to  be  received  if  it  come  into  possession  within  the  n  years, 
must  therefore  not  fall  below  the  accumulated  amount  of  the 
office's  outlay  at  the  end  of  n  years  at  the  minimum  rate  of  interest 
required  on  the  transaction.  In  adjusting  the  stages  there  are 
obvious  general  principles.    The  older  the  life  tenant,  the  smaller 
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n  should  be,  and  the  less  should  be  the  difference  between  the 
stages  of  the  reversion.  For  simplicity  sake,  I  have  employed  only 
two  stages,  but  more  than  two  can  be  introduced  if  desired.  The 
multiplication  of  stages,  however,  will  soon  reach  its  limit,  from 
the  necessarily  high  terms  which,  with  many  stages,  must  latterly 
be  required.  My  own  idea  is  that  in  practice  it  is  better  to  have 
only  two  stages,  with  n  of  sufficient  length  to  be  attractive  to  a 
seller. 

This  method  of  treating  reversions  peculiarly  suits  the  case 
when  the  life  in  possession  is  reputedly  in  bad  health.  Nothing- 
is  more  common  in  bargaining  about  reversions  than  to  be  told 
that  such  is  the  case.  In  some  instances  possibly  the  expectant 
heir's  wish  is  father  to  his  thoughts  and  statements  on  the  subject. 
But  none  the  less  there  are  cases  where  the  statement  is  true ;  and 
even  if  the  seller  is  mistaken  on  the  point,  he  feels  it  a  grievance 
that  offices  buying  reversions  make  no  allowance  for  what  he 
believes  a  special  feature.  The  method  under  analysis  exactly 
meets  such  instances.  By  it  the  office  allows  the  reversioner  to 
back  his  opinion  that  the  life  tenant  is  in  bad  health,  by  granting 
him  a  temporary  assurance  at  ordinary  rates  on  the  said  tenant's 
life.  This,  of  course,  it  can  well  afford  to  do.  As,  if  the  n  years 
be  outlived,  the  Society  in  the  individual  case  is  better  off  than  in 
a  purchase  on  the  ordinary  principle — while,  if  they  be  not  out- 
lived, the  minimum  rate  of  profit  insisted  on  will  at  least  be 
realised.  And  the  worse  the  life  in  possession  is,  the  more  profit 
above  that  minimum  rate  will  be  received.  Though  it  is  no  part 
of  the  profit  under  consideration,  it  may  be  pointed  out  that,  if  the 
life  tenant  be  really  an  invalid,  the  society  will  as  an  assurance 
company,  reap  a  benefit  through  the  special  assurances,  hereafter 
referred  to  as  being  required  in  connection  with  reversionary 
annuities,  being  fixed  at  a  too  high  rate  of  premium. 

This  part  of  the  subject  may  be  concluded  by  a  comparative 
table  showing  the  fluctuation  in  interest  realised  on  a  reversion, 
according  as  the  ordinary  or  the  special  mode  of  purchase  has  been 
adopted.  The  selling  price  of  an  absolute  reversion  to  £1000, 
net,  after  a  life  aged  60  may  be  taken  as  £470.  This  is  its  value, 
whether  the  calculation  be  based  on  a  6  per-cent  homogeneous 
Carlisle  valuation,  or  on  Mr.  Jellicoe's  terms.  If,  instead  of  hand- 
ing the  vendor  £470  a  company  give  him  only  £400,  it  will  have 
kept  back  £70  of  his  money.  If  we  take  the  office  single  premium 
for  a  7  years'  assurance  on  a  life  aged  60  as  24  per-cent,  this  £70 
of  present  cash  is  equivalent  to  a  7  years'  assurance  of  £300.  By 
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the  special  method  then,  the  vendor  will  only  get  in  cash  £400, 
but  in  the  event  of  the  death  of  the  life  tenant  within  7  years,  the 
office  will  only  receive  £700.  If  the  death  occur  after  7  years,  the 
office  will  receive  the  whole  £1000.  Assuming  payment  of  the 
charge  to  be  received  at  the  end  of  1,  2,  3,  &c.  years  from  now, 
the  following  table  will  show  the  rate  of  interest  per  annum 
realised  over  the  whole  period  of  the  transaction.  It  has  been 
arrived  at  as  follows  : — 

For  the  ordinary  mode  of  purchasing  the  reversion,  the  equa- 
tion is 

470(1  +  i)*=  1000,       whence  \(1  +  i)  =  ~  X  . 
For  the  special  mode,  if  t<n  +  \, 

400(1  +  i)*=  700,       whence  \(1  +  i)  =  ~X ^ . 
For  the  special  mode,  if  t>n, 

400(1  + 1)'  =  1000,       whence  X(l  +  i)  =  - 


If  Reversion  be 
paid  at  the  end  of 

The  Return  during  the  Currency  of  the 
Transaction  is  by 

Ordinary  Method, 

Special  Method. 

1  Year 

113*0  per-cent. 

75*0  per-cent. 

2  „ 

46-0 

323 

3  „ 

28-6 

20-5 

4  „ 

20-8 

150 

5  „ 

16-3 

H-9 

6  „ 

134 

9-7  „ 

7  „ 

11-4 

8'3 

8  „ 

9-9 

12-1 

10  „ 

7-8 

9'6 

15  „ 

5'2 

6*3 

20  „ 

3'9 

4-7  „ 

25  „ 

30 

37 

30  „ 

25 

3'1 

35  „ 

2-2 

27  „ 

40  „ 

1-9 

23 

From  the  foregoing  table  it  will  be  seen,  that  even  if  death 
occur  in  the  7  years  during  which  the  office  is  only  to  receive  a 
portion  of  the  reversion,  there  will  at  the  worst  be  realised  8'3 
per-cent  per  annum  on  the  investment.  If  the  death  of  the  life 
tenant  occur  in  extreme  old  age,  the  preceding  table  shows  that, 
by  the  special  system,  the  company  will  be  able  to  bear  about  a 
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quinquennium  more  of  longevity  than  by  the  ordinary  system,  and 
yet  realise  as  good  a  return  as  by  that  usual  method.  It  would 
be  an  interesting  enquiry  to  see  how  closely  the  point,  at  which, 
by  the  ordinary  system,  the  expected  interest  rate  was  realised, 
coincided  with  the  average  age  at  death  by  the  Carlisle  Table. 
However  it  is  outside  the  range  of  my  subject  at  present,  and  so  I 
have  not  followed  it  up. 

Reversionary  Annuities. 

The  greater  part  of  what  has  been  already  said  when  treating 
of  absolute  reversions,  is  equally  applicable  to  reversionary  an- 
nuities, or  contingent  reversionary  charges.  To  prevent  repetition, 
therefore,  attention  will  now  only  be  drawn  to  the  special  points 
raised  in  considering  these  two  latter  classes  of  business. 

Acting  on  the  same  principle  as  before,  the  formula  required 

to  find  zy  the  additional  reversionary  annuity  beyond  ~  to  be 

paid  during  the  lifetime  of  {y),  after  the  death  of  (%),  provided 
such  death  be  deferred  n  years,  will,  when  the  consideration  money 
is  the  present  value  of  a  reversionary  annuity  of  1,  be  found  from 
the  equation — 

bid+r,  ~ (1 + o } +  ZTT"  irf+p,+» " (1 + ax+n- y+n)  i 

=  dh>t>-{l+a°v) (3) 

whence 

lx+nly+nvn  (      I  /-i   ,  \) 

"x     <"y        ^  ™  i     y+n  * 

If,  as  in  the  case  of  the  absolute  reversion,  we  analyse  an 
alternative  formula,  in  which,  from  the  first,  credit  is  given  to  the 
seller  for  the  survivorship  annuity  of  z,  (though  it  only  vests  after 
n  years)  we  have,  were  the  rates  homogeneous,  the  equation  to 
find  z — 

+  (|«^+^^%)}-%—^  ....  (4) 
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whence 


Z  — 


When  we  convert  this  equation  into  one  of  working  rates,  the 
quantities  into  which  (oc)  and  (y)  both  enter,  would  (in  the 
denominator  after  ages  (x  +  n),  (y  +  n)  only)  be  left  homogeneous 
(say  if  Mr.  Jellicoe's  terms  were  adopted,  Carlisle  3^  per-cent) ;  and 
only  the  quantities  in  which  (y)  alone  appeared  would  be  made 
non-homogeneous.  One  form  into  which  these  non-homogeneous 
terms  might  be  thrown,  is  that  given  them  under  equation  (3), 
and  thus  we  might  have  the  value  of  z  whether  arrived  at  through 
equation  (3)  or  equation  (4)  identical.  And  as  there  is  not  the 
same  reason  as  in  absolute  reversions  for  employing  alternative 
formulae,  this  identical  value  is  the  one  I  shall  confine  myself  to 
as  the  basis  of  the  working  formula. 

I  have  used  the  words  "as  the  basis  of  the  working  formula", 
because  there  are  practical  difficulties  in  the  way  of  employing 
equation  (3)  as  it  stands.  The  formula  presupposes  that  if  the 
ordinary  kind  of  assurance  on  the  life  of  (y)  is  employed,  the  office 
will  delay  opening  the  policy  to  protect  the  additional  annuity  of  z 
till  the  said  annuity  vests.  If  the  transaction  were  so  small  that 
no  reassurances  were  necessary,  this  could  be  done  ;  but  the  greater 
number  of  cases  require  assurances  larger  than  the  office  maximum ; 
and  it  cannot  be  expected  that  an  outside  company,  when  the 
additional  protection  becomes  needful,  will  undertake  the  risk 
without  reference  to  the  then  state  of  health  of  the  person  to  be 
assured.  Possibly,  between  offices  having  confidence  in  each 
other,  an  agreement,  entered  into  at  the  opening  of  the  transac- 
tion, on  the  one  hand  to  offer,  on  the  other  to  undertake  the 
assurance, — it  might  be  at  special  rates, — on  the  vesting  of  the 
additional  annuity,  might  answer  the  purpose.  At  least  the  risk 
thus  undertaken  seems  to  me  not  much  greater  than  various  now 
current  in  the  ordinary  course  of  reassurance  business.  However, 
it  will  be  well  to  see  whether  we  cannot  eliminate  the  question  of 
confidence,  and  treat  the  matter  in  a  mathematical  way. 

At  the  time  of  entry  on  the  deferred  reversion,  the  amount  of 

assurance  requisite  is  -= — p —  .  Now  it  is  obvious  that  on  the 
average  of  transactions,  it  would  be  immaterial   whether  the 
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assurance  were  then  taken  out  by  single  or  annual  premium.  In 
either  case  its  then  cost  would  be 

A* 


y+n 

and  the  then  cost  discounted  to  the  present  time  is 

/  /        //_J_P  A2/+W 

lx  a  -f  X  y  +  n 

This  then  is  the  sum  which,  if  paid  at  the  present  moment  on 
every  reversionary  transaction  undertaken,  would,  at  the  end  of  n 
years,  after  transferring  the  accumulated  amounts  paid  on  account 
of  those  who  did  not  outlive  these  years,  to  the  credit  of  those 
who   did  survive,  exactly  suffice  to  furnish  a  full  assurance  of 

z 

,  p —  on  such  survivors.    Let  us  next  consider  the  properties 

a  +  X  y+n 

of  an  assurance  deferred  n  years  on  a  life  aged  (y),  the  amount  of 
which,  however,  is  not  to  be  paid  unless  another  life  aged  (x)  sur- 
vive the  said  n  years.  The  annual  premium  for  such  an  assurance 
would  be,  assuming  such  net  premium  to  be  called  or, 


7      7  it 

lx+n  ly  +  n  v 


lx  I 

W  —   


l-ruxy'T     j        j  \ay+n  ay+ntx+n) 

The  single  premium  corresponding  is — 

lx+n  ly+n  Vn  a 
/      7         *^y+n  y 

and  if  the  amount  of  the  assurance  were  — p — ,  the  single  pre- 
mium  would  be — 

lx+n  ly+n  Vn  a 
~7    ~7         ^y+n  • 


(l-\-¥y  +  n       lx  I, 

But  this  is  the  same  expression  as  we  previously  arrived  at ;  so, 
leaving  aside  for  the  moment  the  effect  on  our  analysis  of  varying 
interest  and  loadings,  it  appears  that  the  ordinary  assurance  of 

z 

7    p  opened  n  years  hence,  on  such  transactions  as  might  then 

require  it,  is  equivalent  to  taking  from  the  outset,  in  every  instance, 
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an  assurance  of  the  full  amount  ^ — p —  ,  but  of  the  special  nature 

d  +  ±  y+n 

above  referred  to.  It  is  then  by  this  special  assurance  on  the 
life  of  {y),  the  amount  being  only  payable  provided  both  (a?)  and 
(y)  outlive  n  years,  that  I  propose  to  meet  the  difficulty  raised 
through  the  inability  to  secure  a  favourable  medical  examination  n 
years  hence.  Its  rationale  is  as  follows : — The  office,  though  in 
all  cases  paying  premiums  from  the  first,  for  the  full  amount  of 
assurance  that  may  ultimately  be  required,  does  so  on  a  scale  of 
rates  which  is  below  the  ordinary  scale ;  and  these  premiums  are 
so  calculated,  that  the  sums  thus  saved  on  such  assurances  as 
outlive  the  n  years,  suffice  on  the  average  to  pay  for  the  premiums 
lost  on  those  policies  which  do  not  survive  the  n  years. 

The  present  value  of  all  future  premiums,  whether  the  assur- 
ance be  taken  on  the  special  plan  from  the  first,  or  on  the  ordinary 
plan,  n  years  hence,  is  in  each  case 

~  ^y+n  • 


This  identity  might,  however,  be  disturbed  if  the  elements  con- 
stituting the  expression  were  not  the  same  in  both.  Taking  first 
the  loading.  Since  the  above  expression  is  one  of  factors  merely, 
it  matters  nothing  whether  the  percentage  of  loading  be  put  on 
the  single  or  the  annual  premium,  or  whether  it  be  put  on  the 
/      I  vn 

Ay+n  or  *+n  y.+n —  Ay+n.    All  that  is  requisite  is  that  it  be  the 

f'X  Ly 

same  percentage  in  each  case.  And  thus  if  it  be  considered  that 
in  the  special  office  premium  P,  there  ought  to  be  a  higher  loading 
than  in  the  ordinary  office  premium  ¥y+n>  it  will  be  necessary  in 
expression  (3)  to  substitute  for  the  ordinary  office  rate  at  age  {y  +  n) 
an  annual  premium  having  the  same  percentage  of  addition  to 
vfy+n  as  the  special  pure  rate  vr  has  to  the  special  office  rate  P. 
Next  as  to  the  effect  of  varying  interest  and  mortality  rates. 
When  the  expression 

%        lx+n  ly+n  VH  \ 

TTy       1     /  ^y+n 

u  ~r  J-  y  +  n    1 .r  ly 

is  considered  in  reference  to  the  premiums  required  under  the 
special  policy,  the  office  is  in  the  character  of  a  seller  of  assurance, 
and  will  thus  be  anxious  to  raise  the  premium  as  much  as  possible. 
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This  it  can  do  through  the  medium  of  the  interest,  the  mortality, 
or  through  both  combined.  It  seems  an  unnecessary  complication 
to  put  it  on  more  than  the  interest  alone,  so  I  shall  assume  that 
the  office  will  be  willing  to  sell  the  special  assurance  on  an  HM  3 
per-cent  basis.  The  above  expression  for  the  assurance  sale  will 
thus  be 

HM  30/o 

 &  Ig+n  ly+n  VU  \ 


d~{-Yy  +  n       lX  ly 

When,  however,  the  question  is  the  determination  of  z ,  the 
office  is  in  the  character  of  purchaser  of  a  reversionary  annuity, 
and  will  thus  want,  say,  5  per-cent  for  its  money.  The  difference 
between  the  two  interest  rates,  or 


hm 

j  ,  p         7      7     ^y+nyv      v  )> 

11  -f  A  y  +  tl       Vtf  ly 


7        7  30/o  5o/o 


is  the  loss  on  the  assurance  sale  and  is  an  additional  debit  in 
expression  (3)  to  the  seller  of  the  annuity.  One  thing  further 
ought  to  be  pointed  out  with  regard  to  the  expression 

//J_P        ~1       7  A2/+w 
a  «  A  y  +  n     lx  Ly 

When  this  is  employed  for  annuity-valuing  purposes,  the  premium 
during  the  joint  existence  of  {%)  and  (y)  after  n  years  is  on  Mr. 
Jellicoe's  principle,  taken  as  capitalised  by  the  Carlisle  3£  per-cent 
table,  this  being  assumed  to  be  the  price  at  which  an  annuity  could 
be  bought  in  the  market.  No  doubt  this  principle  of  arriving  at 
office  single  premiums  from  office  annual  premiums  combined  with 
office  annuity  rates,  is  strictly  logical  and  accurate.  However,  even 
although  its  neglect  leads  to  indefensible  anomalies,  I  am  afraid 
in  practice  generally  we  are  more  likely  to  use  homogeneous 
3  per-cent  rates.  I  therefore  use  this  rate  for  A^^.^  in  the  above 
expression  for  the  difference  of  interest. 

We  are  now  in  a  position  to  evolve  the  working  formula  for  the 
purchase  of  a  reversionary  annuity,  carried  out  on  the  principle 
under  examination.  Reverting  to  equation  (3)  it  will  be  seen  that, 
after  making  allowance  for  the  loss  on  the  special  assurance  sale, 
the  working  formula  is 


398       On  the  carrying  out  of  Reversionary  Transactions  [Jan. 


HM  50/0 


HM 


z    i    i    offlce  s%  5<v°      i       °ar-  3j 


d+ 


whence 


(    ii  r  1       Car  3*  i 


HM  50/0  HM  Office  30/o  50/0  . 
7        7        „n(         1  Car.  3£  )       7        7  A   

5  5 


y+n 


It  may  be  well  to  give  an  example. 

An  advance  of  £1000  is  made  to  a  life  of  (25)  on  condition  of 
his  paying  for  life  after  the  death  of  (55)  a  reversionary  annuity. 
This  annuity  he  has  now  the  option  of  declaring  whether  it  will  be 
on  the  ordinary  Jellicoe  terms,  or  whether  it  will  be  on  the  equiva- 
lent terms  when  three-fourths  only  of  the  Jellicoe  annuity  is  to  be 
paid  if  the  death  of  (55)  occur  within  the  next  10  years,  but  a  higher 
annuity  (z)  is  to  be  paid  if  (55)  outlive  these  10  years.  What  is  the 
amount  of  this  higher  annuity  ? 

Here,  taking  1  as  the  annuity, 


1 


4  Jrf  +  P 


25 


Car.  3£ 
—  (1  +#25  -55) 


Z  = 


HM  50/o 


HM  30/o 
ta-25  ='01625 
15%=  002437 


P25 
d 


•018687 
04762 


06631    k\=  17842." 


=  15-081 


'rf  +  P35 
5 

Car.  3* 
1  +  ^25  55  =  U  ?82 

3-299  k\=  48162  .'.  £303  12  = 
Ordinary  Jellicoe  terms  per  £1000. 
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HM  30/o 
^35  =  021928 
15%=  003289 

025217 
d      =  04762 
5  


07284    k\=  13763/. 


rf  +  P 


=  13-729 


35 


Car.  3£ 
1  +  035-65  =  8-869 


4-860  \  =  68664 
\l65  =69282 


HM  30/0 
A35  =42950 

15%= 06443 


XZ35 

50/0 


=  93592 
=  17709 

=  03123 

=  78811 


49393 


\  =  69367 


31181 


30/0 
v10 
50/0 

V10  =61391 


74409 


13018    \=  11454 

\^5  =  83706 
^55^25 

K\(d  +  V35)  =13763 

5   

78290 


Numerator  = 


3-299 
4 


=  •82475    X  =  91632 
\denom.  =  15948 


75684 


2-0503 


•6066 

1-4437  = 

denominator. 


'57127  =  5" 


If,  therefore,  the  reversionary  annuity  for  10  years  instead  of 
1  be  *75,  it  ought  thereafter  to  be  -75  +  57127,  or  1-32127.  And 
if  for  £1000  advance  the  reversionary  annuity  for  10  years  instead 

of  £303-12  be        ^       or  £227*34,  it  ought  thereafter  to  be 

303-12x1-32127  or  £400-5. 

The  formula  for  the  annual  premium  under  the  special  policy  is 


HM  30/0 
^55^25 


-35 


Ttf  = 


1  +  #25  55  H  7—7  (#35     #35  66 J 
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With  15  per-cent  loading  this  will  be  found  to  give  for  P  a  value 
of  '01427.  The  amount  to  be  assured  under  the  ordinary  scale  is 
227*34 

^-p—  =£3428  and  the  premium  thereon  is  64*068.  The  amount 
to  be  assured  under  the  special  scale  is        f         ^  =£2377 

5 

and  the  premium  thereon  is  33*934. 

With  these  particulars  we  are  in  a  position  to  analyse  the  pre- 
ceding calculations. 

The  amount  advanced  by  the  office  is — 

1st.  On  account  of  the  usual  annuity, 

227*34x3*299        =  £750= Cash  paid  vendor  for  this 

annuity. 

227*34x11-782       =         £2678= Annuity-due    to  provide 

interest  and  premiums 
during  joint  lives. 

2nd.  On  account  of  the 
special  annuity, 
173*17x2*0503  =£355 
Deduct  drawback  on  account 
of  loss  on  special  assurance, 
17317  x  *6066  =£105 

  £250  =  Balance  of  cash  paid  vendor. 

£105  =  Amount  of  loss  on  special 
assurance. 

173-17  x(l  +  a3&.65)l4^ 

=  173*17  x  8*869  x  *4219  =    £648  =  Value  of  deferred  annuity 

to  provide  premiums  and 
interest  after  10  years  on 
the  annuity  then  to  vest. 

£4431  =  Cash  advanced. 

If  we  wish  to  compare  this  cash  advanced  with  the  amount  of 
the  assurances  effected,  it  must  be  remembered  that  the  amount, 
though  not  the  actual  cost,  of  the  special  assurance,  is  that  which 
will  only  be  required  10  years  hence.    Its  present  discounted  value 

7    7  ?,10 

is  £2377  x    J  Bj    ,  or  £1003.    Add  to  this  the  amount  of  ordi- 

^55^25 

nary  assurance,  £3428, 

and  we  have  £4431,  being  the  amount  of  the  cash  ad- 

vance as  previously  arrived  at. 
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As  in  the  ease  of  absolute  reversions,  it  may  be  well  to  conclude 
this  part  of  the  subject  by  a  table  showing  the  lluetuation  in 
interest  realized  by  the  office,  in  the  preceding  example,  according 
as  the  ordinary  or  the  special  system  of  carrying  out  the  transaction 
is  adopted.  The  return  stated  is  that  yielded  till  the  capital  is 
actually  replaced  by  the  falling  in  of  the  assurance.  The  table  has 
been  arrived  at  tentat  ively  and  approximately  from  the  following 
formulae : — 

For  the  ordinary  method  of  purchase— 

t+i 

For  the  special  method  of  purchase — - 

If  t<n  +  l, 

(         1  ■ 

Ordinary  and  Special  Premiums  \  /"j    i    *\   i 

(1000)  (1  +  0*+  (64-068  +  33-934)  -j y  ^  J  — 

If  t>n, 

(iooo)(i+o*+^o1w3^{(1^^  -l}  JWg+™™. 


iooo(i+,y+SS4{<1+?-1  -lUggff, 


t+i 


\  _  227-34 
i  ~  rf+IV 


If  First  Payment  of 
Annuity  occur  hi 

The 

Annual 

Return  till  the  replacement 
of  Capital  is  by 

Ordinary.  Method. 

Special  Method. 

1 

Year 

25 '6  per- cent. 

18*5  per- cent. 

2 

)9 

19-7 

14-6 

3 

16*2 

a 

12-2 

4 

»> 

13-8 

a 

10-5 

5 

it 

12*2 

93 

6 

ii 

10-9 

a 

8*3 

7 

it 

9-8 

a 

7-4 

8 

ii 

8-9 

a 

6'8 

9 

ii 

8-4 

a 

63 

10 

ii 

7-6 

a 

5'7 

11 

it 

71 

a 

8-4 

15 

ii 

5-5 

a 

6-5 

20 

ii 

4-3 

it 

5*1 

25 

1* 

3-5 

n 

42 

30 

it 

2-8 

a 

3-5 

35 

2*5 

it 

2-9 

40 

it 

2-1 

it 

2-6 

45 

1-8 

it 

23 

From  the  foregoing  table  it  will  be  seen  that  even  if  only  the 
smaller  annuity  under  the  special  scheme  come  into  possession, 
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the  return  will  be  at  worst  5*7  per-cetit  on  the  transaction,  and 
after  the  10  years,  the  office  is  in  a  better  position  than  by  the 
ordinary  system.  In  comparing  the  respective  interest  returns 
under  the  two  schemes,  it  must,  of  course,  be  borne  in  mind  that 
the  probabilities  of  death  at  the  various  dates  given  are  not  the 
same. 

Contingent  Reversionary  Charges. 

Very  little  need  be  said  on  the  subject  of  contingent  reversionary 
charges,  as  they  have  virtually  been  included  in  our  previous 
analysis.    The  equation  corresponding  to  (5)  will  be — 

HM  50/o 

1   f  Car.        )         7       7       #f  Car.  3*  ^ 

i  jl -  (d  +  P*,) (1  +  axy) |  +  z  Yy     if  \ 1  ~ (f + P^», •+•) (! + «*+»- »+•) } 


HM 

^1/4 

Z 


7       7  Office         30/o   50/o  Car.  3£ 

St^Ai+.,.+.(«»-»»)=i-(tf+Pi.)a+^)  •  •  •  (6) 

whence — 

/         h  /  Car.  3J  x 

{l— g).{l-(;+p«(l+«lw)} 

______  _ 

/       7  f  Car.  3*         )       7       7  Office       30/0  60/0 

and  the  special  assurance  annual  premium  will  be — 

HM  30/o 


1   _  ly+tJ>x+n»n  4  l 
wyx —  ~~ 7      7  ^-y+»,ir+» 


W    VX~    I  I 


l  +  a< 


The  Method  of  Accumulation. 

The  outcome  of  the  system  of  treating  reversions  I  have  just 
been  analysing,  is  logically  the  method  of  accumulation,  for  by  it 
the  return  on  a  reversion  purchased  is  equalised  throughout  the 
duration  of  the  transaction.  This  method  is  not  open  to  the 
objection  that  at  first  sight  it  might  seem  liable  to.  The  loss,  if 
the  accumulation  outruns  the  security,  is  not  greater  than  under 
the  system  where  a  fixed  amount  of  charge  is  bought.  Indeed,  it 
is  probably  less,  for  no  prudent  mortgagee  lends  the  full  value 
of  a  reversion.  There  are,  however,  very  serious  drawbacks  to 
this  system  of  carrying  out  reversionary  transactions.  When 
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reversions  are  bought  outright,  the  loss  in  one  ease  is  compensated 
by  the  profit  in  another.  But  under  the  system  of  accumulation 
there  is  no  such  compensation  ;  and  it  is  for  this  reason  mort- 
gagees should  never  lend  the  full  value  of  a  reversion,  unless  they 
have  security  for  the  keeping  down  of  the  accumulation.  Again, 
the  amount  of  ultimate  assurance  that  may  be  necessary  is  almost 
always  enormous.  This,  in  itself,  would  render  it  very  difficult  to 
place  it  all,  even  were  it  on  the  ordinary  method  of  assuring.  But 
it  is  practically  impossible  that  it  can  be  on  the  ordinary  method, 
as  no  borrower's  solicitor  would  allow  the  premium  for  such  an 
amount  of  assurance  to  be  charged  against  his  client  from  the 
outset.  The  natural  kind  of  assurance  would  be  that  which 
increased  from  year  to  year,  exactly  on  all  fours  with  the  accumu- 
lation. But  this,  or  indeed  any  very  special  kind  of  risk,  it 
wrould  be  hopeless  to  try  to  get  placed  to  the  requisite  amount. 
For  these  reasons  the  accumulation  method  is  not  one  that  can  be 
generally  recommended,  though  there  are  a  few  cases  which  may 
be  considered  exceptional.  For  instance,  I  can  see  no  objection  to 
employing  it  for  an  absolute  reversion  where  the  corpus  is  on 
any  hypothesis  of  longevity  amply  sufficient  to  provide  the  accu- 
mulation; unless  indeed  the  spoiling  of  the  market  for  purchase 
be  considered  an  objection. 


Advances  by  way  of  Mortgage. 

This  method  allows  the  borrower  to  keep  down  the  accumula- 
tion on  the  advance,  under  penalty,  in  the  case  of  default,  of  the 
advance  being  converted  into  a  purchase  on  terms  previously 
arranged.  The  selection  is  thus  left  entirely  in  the  hands  of  the 
borrower,  and  it  may  safely  be  assumed  that,  so  far  as  his  means 
will  allow,  it  will  be  exercised  in  the  way  that  best  suits  his 
interest.  If  it  were  certain  that  the  accumulation  would  be  kept 
down  for  a  term  of  years,  and  the  amount  of  the  charge  to  vest  in 
the  event  of  failure  were  calculated  on  the  assumption  of  a  pur- 
chase from  the  first,  there  would  be  no  doubt  that  selection  would 
be  fully  provided  for.  Of  course  I  am  assuming  that  the  value  of 
the  reversion  is  an  increasing  one.  And  even  with  the  knowledge 
that  instead  of  a  term  of  years,  there  is  no  security  that  even  one 
payment  of  interest  or  premiums  will  be  made,  I  consider,  though 
of  course  it  is  only  an  opinion,  that  this  natural  increase  in  the 
value  of  the  reversion  outweighs  selection.  So,  next  to  purchasing 
reversions  outright,  this  method  of  dealing  with  them  seems  to  me 
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the  most  eligible.  The  misfortune  of  it  is,  however,  the  case 
seldom  arises,  as  it  is  rare  to  find  a  borrower  on  reversions  who 
really  wants  to  pay  anything  in  the  meantime. 

Whatever  be  the  form  adopted  for  carrying  out  the  purchase  of 
a  reversion,  there  is  always  one  objection  present.  The  seller  has 
from  the  outset  to  pay  for  an  assurance  very  much  in  excess  of  the 
then  requirements  of  the  purchaser.  And  this  necessarily  makes 
the  terms  which  the  vendor  obtains  very  onerous  to  him.  The 
system  of  increasing  assurances,  though  more  troublesome  to 
the  office,  and  losing  to  it  the  enormous  profit  it  makes  through 
the  death  of  the  vendor  of  a  heavily  reassured  reversion,  enables 
the  terms  to  be  lightened.  Mr.  Sprague,  in  the  17th  volume 
of  the  Journal  of  the  Institute  of  Actuaries,  has  analysed  a 
case  in  which  the  requisite  power  of  increase  was  arrived  at 
by  way  of  option  of  the  purchaser.  Another  means  that  might 
be  adopted  is  an  assurance  of  two  or  three  stages  necessarily 
grown  into  at  fixed  dates  if  the  policy  so  long  endured.  What- 
ever be  the  system  adopted,  it  can  be  grafted  on  the  scheme 
of  carrying  out  reversionary  transactions,  to  which  this  paper 
has  been  mainly  devoted,  quite  as  readily  as  on  any  more  usual 
method. 

This  paper  has  already  run  to  such  length,  that  I  must  not 
further  trespass  on  your  patience.  The  subject,  however,  is  far 
from  being  exhausted.  Indeed,  the  variety  of  ways  in  which 
reversionary  transactions  can  be  carried  out  by  life  companies  is 
practically  endless.  In  accord  with  what  has  been  said  by 
Mr.  Sprague,  in  the  paper  already  referred  to,  I  hold  that  with 
this  endless  variety  before  him,  the  actuary  ought  not  to  content 
himself  with  applying  to  the  reversions  proposed  to  be  purchased 
merely  these  ordinary  formulae  which  he  knows  will  keep  his 
company  safe,  whatever  effect  they  may  have  on  the  interests  of 
the  vendor.  Each  case  ought  rather  to  be  dealt  with  by  him  from 
the  view-point  of  its  special  features,  and  that  method  of  treat- 
ment should  be  adopted,  which,  while  guarding  the  office,  and 
allowing  it  a  legitimate  profit,  will  best  consult  the  interests  of 
the  seller. 
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*  Discussion. 

The  President  (Mr.  J.  Hill  Williams) — As  far  as  my  experience 
goes — and  it  has  not  been  inconsiderable — I  am  afraid  the  reversioner 
would  not  much  like  the  plan  of  taking  £400  instead  of  £470  for 
his  reversion  of  £1000.  The  owners  of  absolute  reversions  almost 
always  prefer  to  sell  them  right-out,  and  they  will  go  wherever  they 
can  get  the  highest  price;  so  that  I  do  not  think  an  office  offering 
£400  instead  of  £470,  the  open  market  value,  will  have  much  chance 
of  securing  the  reversion.  With  reference  to  leaving  a  small  part  of 
the  present  value  in  the  hands  of  the  reversioner,  with  the  view  of 
making  it  his  interest  to  assist  in  ultimately  j>roving  the  death  of 
the  tenant  for  life,  that  is  no  doubt  desirable ;  but  I  believe  that 
in  practice  it  has  not  been  found  that  there  is  any  great  difficulty 
about  proving  the  death  of  the  tenant  for  life  where  you  have  purchased 
reversions.  Strangely  enough,  and  contrary  to  expectation,  the  diffi- 
culty occurs  more  frequently  in  the  case  of  the  person  purchasing  a  life 
interest.  It  seems  to  be  much  more  difficult  to  prove  a  man  alive 
than  it  is  to  prove  him  dead.  It  always  happens  that  somebody 
has  got  an  interest  in  showing  when  a  man  is  dead — somebody 
expects  something  or  other,  and  is  ready  to  supply  the  information 
on  being  applied  to.  Another  point  that  occurs  to  me  is  this :  I  do 
not  know  that  a  contingent  reversioner  has  much  to  complain  of,  in 
the  fact  that  the  very  nature  of  the  property  which  he  has  to  sell, 
requires  for  the  protection  of  the  buyer  a  larger  insurance  than  is 
wanted  at  the  moment.  We  should  bear  in  mind  that  the  contingent 
reversioner  in  that  case  has  really  nothing.  You  create  a  property 
for  him  out  of  nothing,  and  the  least  he  can  expect  you  to  do  is  that 
you  should  make  your  purchase  money  perfectly  secure.  Considering 
reversions  as  investments  by  reversionary  and  insurance  companies, 
the  mere  fact  of  the  life  tenant  outliving  the  expected  period  of 
longevity,  appears  to  me  to  be  of  no  importance.  We  have  never, 
as  assurers,  thought  of  complaining  when  a  man  dies  after  paying  only 
one  assurance  premium;  and,  for  the  same  reason,  I  do  not  see  why 
we  should  complain  when  a  reversioner  lives  beyond  the  expectation. 
It  is  all  a  question  of  average,  and  I  do  not  see  any  great  advantage 
in  specially  modifying  or  equating  that  average  by  the  somewhat 
complicated  process  which  has  been  recommended  to  us  to-night.  If 
there  are  a  sufficient  number  of  reversionary  transactions  entered  into 
by  reversionary  or  insurance  companies,  the  principle  of  average  will 
rule  and  establish  itself  in  the  long  run,  and  secure  to  the  buyers  of 
the  reversions  a  moderate  and  sufficient  amount  of  profit,  considering 
the  nature  of  the  security. 

Mr.  A.  Baden — Looking  at  the  question  practically,  those  who 
wish  to  raise  money  on  reversions  are  broadly  divided  into  two  classes. 
The  one  class  desire  as  much  money  as  can  be  got  for  the  reversions 
they  have  to  sell,  and  the  other  class  are  in  a  position  to  afford  to 
leave  some  margin,  so  that  they  may  themselves  take  advantage  of 
the  gain  which  would  ensue  if  the  life  tenant  should  die  in  the  earlier 
years  of  the  transaction.  Now  in  practice  the  wants  of  both  these 
classes  arc  really  met  by  insurance  and  reversionary  societies.  To 
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those  who  want  as  much  money  as  possible,  they  offer  the  full  value 
of  their  reversion  ;  and,  on  the  other  hand,  they  say  to  those  who 
can  afford  to  leave  a  margin  on  such  value,  "  We  are  willing  to  make 
an  advance  upon  the  security  which  you  offer  to  us."  This  latter  mode 
practically  meets  the  very  case  which  Mr.  Macfadyen  has  written  this 
very  elaborate  paper  to  provide  for — namely,  the  case  of  those  persons 
who  believe  that  the  life  tenant  is  not  in  good  health  and  is  very  likely 
to  die  in  the  earlier  years  of  the  transaction,  so  that  consequently  an 
inordinate  profit  is  likely  to  ensue  to  the  purchaser  of  the  reversion, 
of  which  he  thinks  it  desirable  to  take  advantage  if  he  can.  Let  us 
take  Mr.  Macfadyen's  example  of  a  reversion  of  £1000:  the  life  tenant 
being  sixty,  he  takes  the  value  to  be  by  the  6  per-cent  homogeneous 
Carlisle  Table  £470 ;  and  he  would  give  the  person  offering  the 
reversion,  £400  instead  of  the  £470  which  is  its  full  value,  and  in 
consideration  of  the  difference  there  would  be  a  policy  actually  taken 
up  or  written  on  the  books  for  £300,  so  that,  if  the  life  dropped  within 
seven  years  of  the  transaction,  that  policy  would  go  to  the  seller  of 
the  reversion.  Now  if  he  dealt  with  it  according  to  the  ordinary 
practical  mode,  and  took  an  advance  on  his  reversion,  the  mortgagee 
might  afford  to  lend  him  £385,  we  will  say,  which  is  arrived  at  in  this 
way.  At  the  end  of  seven  years  the  value  of  the  reversion  would  be 
£558,  and  the  present  value  of  £558,  at  6  per-cent,  is  £385  or  there- 
about. What  would  be  the  position  of  the  reversioner  supposing  the 
life  tenant  died  near  the  end  of  the  seventh  year?  He  would  have  had 
his  £385,  which,  improved  at  6  per-cent,  would  amount  to  £558, 
and  he  would  then  receive  the  balance,  that  is  £442,  out  of  the  £1000. 
Now,  according  to  Mr.  Macfadyen's  method,  if  the  same  thing  occurred, 
and  the  life  tenant  died  in  the  course  of  the  seventh  vear,  the  rever- 
sioner  would  have  received  £400,  which,  at  6  per-cent  interest,  would 
have  amounted  to  £601  about,  and  he  would  then  get  the  insurance 
of  £300 — a  total  receipt  of  about  £901,  as  against  £1000  received  by 
the  other  method.  But  supposing  the  life  tenant  died  in  the  third  year, 
what  would  be  the  effect?  If  he  had  an  advance  upon  his  reversion, 
that  advance  and  the  interest  together  would  amount  to  £460,  and 
he  would  receive  net  £510  at  the  end  of  three  years,  making  up  the 
total  of  £1000.  Or,  going  by  Mr.  Macfadyen's  method,  he  would 
have  had,  with  interest,  £476,  and  he  would  receive  the  £300,  a  total 
of  £776,  as  against  £1000.  This,  if  he  is  in  a  position  to  calculate 
at  all  upon  the  eventual  chance  of  his  transactions,  he  is  not  likely  to 
prefer.  This  is  an  objection  which  may  be  urged  on  the  part  of  the 
seller  or  mortgagor  of  the  reversion  ;  but  I  think  that  a  decided 
objection  is  to  be  taken  on  the  part  of  the  purchaser  of  the  reversion, 
the  office.  Mr.  Macfadyen  says  that  if  the  life  tenant  dies  within 
the  time  which  he  assigns  for  the  temporary  assurance,  although  there 
will  be  a  loss  on  the  life  policy,  there  will  bo  such  a  gain  on  the 
reversion,  that  the  insurance  loss  will  be  a  matter  of  no  consequence. 
Now  this  is  a  piece  of  reasoning  which  I  confess  I  am  at  a  loss  to 
understand.  It  appears  to  me  that  the  whole  rationale  of  buying 
reversions  consists  in  the  confidence  you  have  that  you  will  gel  a 
sufficient  number  for  an  average  to  be  struck  between  great  gains  in 
the  earlier  period  of  the  transaction  and  great  losses  in  the  latter 
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period.  Now,  what  does  it  matter  whether  you  call  it  a  loss  on  the 
policy  or  a  loss  on  the  reversion?  The  loss  is  there  notwithstanding, 
and  you  cannot  make  it  other  than  a  loss ;  and  it  comes  to  this,  if 
you  choose  to  say  that  you  do  not  lose  on  your  reversions,  simply 
because  you  have  paid  the  loss  out  of  the  policies,  you  have  been 
selling  short  period  policies  to  the  public  at  a  price  at  which  no  office 
can  afford  to  sell  them  ;  and  for  this  reason,  that  the  class  of  persons 
who  will  choose  that  transaction,  are  those  who  honestly  believe  that 
the  life  tenant  is  really  in  a  bad  way  and  will  not  live  to  complete  the 
term,  and  the  consequence  is  that  you  must  write  these  insurances  in 
your  own  books  as  you  cannot  get  them  reassured.  With  reference  to 
the  concluding  remark  in  Mr.  Macfadyen's  paper,  that  actuaries  have 
it  in  their  power  to  meet  every  possible  case  and  to  make  the  most 
elaborate  calculations  to  satisfy  the  whim  of  every  vendor,  I  doubt 
whether  any  actuary  of  experience  will  choose  deliberately  to  court 
that  kind  of  dealing.  The  great  inconvenience  and  the  endless  trouble 
which  would  be  occasioned  in  periodical  valuations,  by  our  dealing 
with  every  transaction  as  a  special  case,  instead  of  being  able  to  class 
them,  is  a  considerable  practical  objection  to  any  such  mode  of  looking 
at  the  subject. 

Mr.  A.  H.  Bailey — The  first  part  of  the  paper  discusses  what 
ought  to  be  the  rate  of  interest  on  reversions.  Surely  that  is  a 
matter  of  market  price.  The  rate  of  interest  upon  reversions  has 
fallen  somewhat  of  late  years,  not  from  the  philosophical  reasons 
which  Mr.  Macfadyen  assigns,  but  because  they  are  more  sought  after 
than  formerly.  Private  persons  will  not  buy  reversions,  because  of 
the  inconvenience  of  having  their  money  locked  up.  Several  years 
ago  insurance  companies  would  not  look  at  reversionary  securities. 
To  meet  that  difficulty,  reversionary  interest  societies  came  into  exist- 
ence ;  but  for  some  time  past  insurance  companies  have  been  extensive 
competitors  for  reversions,  having  found  out  that  they  are  a  suitable 
investment ;  and  as  a  matter  of  course  the  rate  of  interest  on  that 
class  of  securities  has  fallen.  But  I  do  not  for  one  moment  suppose 
that  the  difference  in  the  rates  of  interest  on  reversionary  securities 
and  on  such  other  securities  as  are  suitable  to  insurance  societies,  is  as 
much  as  1^  per-cent.  Then  the  seller  really  does  not  reason  in  the 
way  that  Mr.  Macfadyen  supposes.  All  he  wants  is  money.  He 
believes  that  any  money  given  for  his  reversion  is  very  much  too  little, 
and  consequently  he  does  not  sell  the  reversion  until  reduced  to  the 
last  extremity.  And,  generally,  when  reversions  are  sold,  there  are 
prior  charges  to  pay  off.  The  existence  of  these  charges  will  somewhat 
interfere  with  Mr.  Macfadyen's  proposals.  Loans  on  reversions  are 
more  easily  effected  than  formerly ;  and  there  is  no  difficulty  in  bor- 
rowing a  certain  sum  on  a  reversion,  with  the  stipulation  that,  if  the 
borrower  do  not  pay  interest,  it  shall  be  accumulated  at  compound 
interest.  Care  must  be  taken  by  the  mortgagee  to  lend,  not  the  value 
of  the  reversion,  but  such  an  amount  as,  accumulated  at  compound 
interest  for  the  possible  period  of  life  which  the  tenant  for  life  could 
attain,  will  be  within  the  amount  of  the  fund.  The  reversioner 
usually  goes  on  borrowing  as  long  as  he  can.  The  sale  of  the  reversion 
is  his  last  resource,  and  he  then  wants  the  utmost  he  can  get  for  it. 
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While  I  am  struck  with  the  ingenuity  with  which  Mr.  Macfadyen  has 
worked  out  the  formulas,  I  must  say  I  do  not  think  they  will  seriously 
affect  the  purchase  of  reversions  in  practice. 

Mr.  Gr.  W.  Berridge — My  experience  also  has  been  that  a  man 
either  wants  the  whole  value  of  his  reversion  at  once,  in  which  case 
he  sells  it  ;  or,  if  not  the  whole  value,  he  simply  gets  a  loan  upon  it, 
and  trusts  to  the  chapter  of  accidents  to  pay  the  interest.  Perhaps 
a  solicitor  advances  the  interest;  and  finding  these  advances  accumu- 
lating, the  reversioner  goes  for  a  fresh  advance,  and  this  makes  a  little 
more  business  for  the  solicitor.  If  the  man  has  no  kind  friend  to  pay 
the  interest,  the  reversion  goes  to  the  hammer,  and  there  is  an  end  to 
the  matter,  lleversions  submitted  to  auction  generally  fetch  very  good 
values.  If  a  man  is  prudent,  he  can  often  make  a  very  good  arrange- 
ment for  himself  for  a  limited  term  of  years.  Supposing,  in  the  case 
quoted  by  Mr.  Baden,  he  would  take  an  advance  of  something  under 
the  value,  he  could  provide  for  the  interest  accumulating  for  a  certain 
number  of  years.  If  in  that  time  he  did  not  provide  the  interest,  the 
reversion  should  become  the  property  of  the  office.  I  generally  find 
that,  if  a  man  does  not  want  to  part  with  the  whole  reversion  but  only 
requires  a  certain  sum  less  than  the  present  value,  he  prefers  to  sell  a 
part  of  his  reversion  outright,  instead  of  allowing  the  advances  to 
accumulate  and  result  in  a  larger  charge.  That  raises  a  point  which 
is  an  objection  to  Mr.  Macfadyen's  scheme  with  regard  to  reversionary 
annuities.  In  the  instance  given,  when  you  take  an  annuity  for  £200 
for  a  certain  term  of  years  and  £400  afterwards,  if  a  further  sum  were 
required,  the  larger  annuity  would  be  taken  as  the  amount  of  the  prior 
charge.  I  had  this  point  brought  to  my  notice  in  a  very  marked  ease, 
when,  as  there  was  a  very  large  margin  of  income,  I  was  enabled  to 
arrange  terms  which  were  more  advantageous  than  thev  could  be 
under  the  ordinary  arrangement.  The  contract  was  signed,  part  of 
the  money  was  had,  the  man  then  took  the  advice  of  his  solicitor,  who 
quashed  the  arrangement  and  reverted  to  the  reversionary  annuity, 
because,  he  said,  the  estate  would  be  so  encumbered  when  the  charge 
began  to  operate.  It  also  would  bar  him  to  a  great  extent  from  further 
advances,  and  thus  stop  the  way  to  his  own  needs.  There  would  be 
also  very  great  difficulty  in  arranging  the  terms  of  a  transaction  under 
Mr.  Macfadyen's  scheme.  Generally  speaking,  you  are  asked  to  quote 
terms  at  once,  and  you  have  often  scanty  information ;  and  when  you 
have  quoted  them,  you  are  asked  to  have  them  varied,  and  you  cannot 
go  round  to  half-a-dozen  offices  to  ask  what  they  Avill  do  some  special 
policy  for,  but  have  to  trust  to  your  own  judgment  as  to  what  can  be 
done.  A  whole-life  policy  also  is  generally  done  cheaper  than  any 
special  form  of  insurance. 

The  President — T  wish  to  ask  a  question  of  Mr.  Macfadyen. 
When  you  say  that  it  would  be  objectionable  bo  hand  over  to  the 
reversioner  an  actual  policy  of  assurance  (for  a  short  term  on  the  life 
of  the  tenant  for  life)  as  part  payment  of  his  reversion,  has  it  occurred 
to  you  that,  whether  you  hand  him  a  policy  or  not,  if  you  have  con- 
tracted to  grant  him  an  assurance,  he  is  surely  entitled  to  have  some 
deed  or  document  to  show  his  title  to  the  assurance  which  you  say 
belongs  to  him  ? 
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Mr.  Macfadyex — It  is  true,  no  doubt,  that  from  an  actuarial 
view-point,  the  seller  of  a  contingent  reversion  has  no  real  grievance 
on  being  compelled  to  pay  for  heavy  protecting  assurances.  But  no 
one  outside  the  profession  takes  this  view.  All  that  is  looked  to  is  the 
small  amount  of  cash  given,  and  the  heavy  amount  that  in  the  future 
is  demanded.  The  effect  of  the  protecting  assurances  on  the  terms  is 
often  such,  that  I  was  not  surprised  at  what  I  once  heard — that 
actuarial  terms  are  so  exorbitant,  that  it  is  cheaper  to  go  to  Jew 
money-lenders  for  advances  than  to  life  offices.  As  to  the  question 
put  to  me  whether  the  seller  would  be  content  if  he  did  not  actually 
receive  the  life  policy,  there  seems  some  misapprehension.  The 
life  policy  is  only  a  book-entry,  and  the  seller  knows  nothing  of 
it.  All  that  he  knows  in  (say)  the  case  in  question,  is,  that  if  the 
reversion  comes  into  possession  within  seven  years,  he  will  only  pay 
£700  instead  of  £1000.  With  Mr.  Baden's  statement  that  the 
method  of  accumulation  suits  the  borrower's  interests  better  than  the 
scheme  in  question,  I  quite  agree.  In  fact,  the  method  of  accumula- 
tion suits  the  borrower  so  well,  that  the  lender  has  not  a  chance.  At 
best,  his  accumulated  advance  will  be  repaid.  He  stands,  without 
compensation,  the  risk  of  the  accumulation  outrunning  the  security. 
Mr.  Baden  asks  what  is  the  position  of  the  office  in  a  transaction 
carried  out  on  the  principle  in  question,  and  seems  to  think  that  I 
have  simply  shifted  the  risk  to  the  assurance  policy.  If  he  considers 
further,  I  think  he  will  agree  with  me  that  this  is  not  so.  I  have 
provided  for  an  assurance  loss  on  one  transaction  hj  an  assurance  gain 
on  another.  The  fact  that  compensation  is  taken  for  the  possible  loss 
on  the  assurance  2>olicy,  by  keeping  back  the  premium  from  the  sum 
paid  the  seller,  will,  I  am  sure,  on  consideration,  convince  Mr.  Baden 
that  it  is  not  a  mere  hocus-pocus  between  reversion  and  assurance,  I 
have  been  dealing  with ;  and  that  the  only  gain  sacrificed,  or  rather, 
partly  sacrificed,  is  the  unearned  one  now  made  when  the  life  tenant 
is  below  the  average  in  health.  Mr.  Bailey  thinks  that  it  is  not  the 
reasons  mentioned  in  my  paper  but  competition,  that  has  reduced  the 
price  of  reversions.  Quite  so,  but  I  did  not  give  the  objections  to 
reversionary  transactions  as  reasons  why  the  price  has  been  reduced, 
but  as  reasons  why  it  ought  not  to  be.  Mr.  Berridge  thinks  that  any 
scheme  which  may  ultimately  cause  the  burden  to  the  seller  of  a 
reversion  to  exceed  the  ordinary  terms,  will  not  succeed,  as  it  may 
deprive  the  seller  of  his  future  income.  No  doubt  a  seller  wants  to  pay 
in  future  as  little  as  he  can  :  and  the  objection  tells  against  any  form 
of  reversionary  transaction,  and  against  the  method  of  accumulation 
most  of  all.  However,  taking  the  example  in  the  paper,  since  £  100 
per  annum  is  the  whole  difference  between  the  ordinary  and  the  special 
form,  it  may  be  questioned  whether  a  seller  would  think  the  possible 
loss  of  this  so  great  a  drawback  as  to  prevent  his  entering  on  the 
transaction. 
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The  Computation  and  Adjustment  of  Probabilities  derived  from 
Observation.    By  Wilhelm  Lazarus,  F.I. A.,  Hamburg* 

i. 

All  our  empirical  knowledge  depends  not  only  upon  the 
exactness,  trustworthiness,  and  frequency  of  the  observations  on 
which  it  is  founded,  but  quite  as  much  upon  the  possibility  of 
drawing  general  conclusions  from  the  observations.  The  great 
variety  of  form  in  which  the  results  of  observation  appear,  even 
independently  of  the  diversity  of  the  nature  and  the  method  of 
observation,  will  easily  explain  why  the  range  of  the  conclusions 
to  be  drawn  from  the  observations,  differs  widely  according  to 
the  field  of  the  science  to  which  thev  refer.  While  the  natural 
philosopher  must  be  satisfied  with  the  mere  knowledge  of  a  fact 
in  a  field  which  has  not  previously  been  investigated,  he  goes  in 
other  realms  of  science  far  beyond  this  first  step  of  observation; 
he  obtains  an  explanation  about  the  causes  of  the  phenomenons 
and  the  connection  of  the  forces  and  the  laws  which  govern  the 
events  that  come  under  his  observation.  Such  explanations  cannot 
in  general  be  drawn  directly ;  they  require  a  number  of  intermediate 
steps  in  which  the  observed  result  has  to  be  critically  examined 
and  analyzed  into  its  single  elements.  The  proceeding  to  be 
adopted  for  this  purpose  depends  upon  the  nature  and  form  of 
the  observation,  and  it  would  be  a  mistake  to  suppose  that  we  can 
follow  the  same  method  for  all  kinds  of  observation. 

Among  the  many  kinds  of  observation  there  are  at  all  events 
two  classes  which  may  be  distinguished  as  essentially  different, 
namely,  those  in  which  certain  magnitudes  are  measured,  and  those 
in  which  the  frequency  of  an  occurrence  is  counted.  The  theory 
of  probability  deals  more  with  the  first  class  than  with  the  second. 
After  it  had  been  recognized  that  measurements,  even  when  made 
with  the  greatest  care,  are  never  free  from  small  errors ;  and  that, 
on  account  of  these  errors,  different  measurements  of  the  same 
quantity  do  not  agree  with  each  other;  and  that  measurement  of 
a  number  of  quantities  related  to  each  other  in  a  certain  known 
manner,  brings  out  results  opposed  to  the  well  known  theorems  of 
Mathematics;  it  became  necessary  to  find  an  answer  to  the  question, 

*  I  am  greatly  indebted  to  Mr.  T.  B.  Spraguc  for  the  valuable  assistance  lie 
has  rendered  me  by  carefully  revising  the  language  of  this  paper,  and  suggesting 
the  suitable  English  phrases  in  many  cases  where  I  had  followed  the  German  form 
of  expression  too  closely. — W,  L, 
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how  these  different  results  might  be  corrected  (or  adjusted)  so  as  to 
furnish  a  system  of  values  which  under  the  existing  circumstances 
might  be  considered  as  nearer  to  the  truth  than  any  other.  A 
strict  examination  of  the  nature  of  these  errors  led  at  last  to  the 
method  of  adjustment,  known  as  the  method  of  least  squares, 
which  is  considered  with  good  reason  to  be  one  of  the  greatest 
triumphs  of  science.  It  has  been  applied  with  complete  success 
to  all  kinds  of  questions  in  which  the  adjustment  of  inconsistent 
measurements  is  involved,  and  its  rules  have  been  very  extensively 
used  in  practice  even  by  many  persons  who  have  mechanically 
performed  the  proper  calculations  without  knowing  much  of  the 
theory  on  which  they  are  based.  This  being  the  case,  we  need 
not  wonder  that  the  theory  of  least  squares  has  been  applied  to 
observations  for  which  it  is  not  at  all  suitable.  Misled  by  a  certain 
outward  similarity,  various  persons  have  tried  to  adjust  by  the 
method  of  least  squares,  the  irregularities  found  to  exist  in  the 
records  of  the  frequency  of  certain  occurrences  as  ascertained  by 
counting.  These  irregularities  have  been  very  improperly  called 
errors  of  observation,  but  they  must  rather  be  considered  as  caused 
by  the  insufficiency  of  the  number  of  observations,  and  a  wholly 
different  method  must  be  pursued  for  the  purpose  of  removing 
them. 

ii. 

The  probability  of  the  happening  of  a  certain  event  being 
known,  we  can  easily  calculate  the  probability  that,  in  a  given 
number  of  cases,  it  will  happen  with  any  assigned  degree  of 
frequency,  say,  for  instance,  in  one  tenth  of  the  whole  cases;  and 
if  the  number  of  cases  is  very  large,  there  is  so  great  a  probability 
that  the  degree  of  frequency  will  lie  between  certain  very  narrow 
limits,  that  in  popular  language  a  transgression  of  these  limits 
may  be  termed  impossible.  The  probability  that  the  frequency  of 
the  event  will  be  an  assigned  quantity,  diminishes  as  the  number 
of  cases  increases,  but  the  probability  that  it  lies  within  the  above 
mentioned  limits,  increases ;  so  that,  if  we  retain  the  same  proba- 
bility, the  limits  of  the  degree  of  frequency  approach  each  other 
as  the  number  of  cases  increases.  If  the  number  of  cases  is  large, 
we  may  with  some  confidence  predict  that  the  event  will  happen 
with  a  frequency  lying  within  certain  limits,  while  nothing  can  be 
safely  predicted  when  the  number  of  cases  is  small.  If  the 
probability  of  the  happening  of  the  event  is  slightly  altered,  the 
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limits  just  mentioned  are  correspondingly  altered,  but  most  of  the 
numbers  lying*  between  them  remain  the  same  as  before;  and 
therefore,  if  the  probability  of  the  happening  of  the  event  is  only 
slightly  altered,  there  will  be  but  little  alteration  in  the  probability 
that  the  frequency  of  the  event  will  lie  between  the  same  limits 
as  before. 

This  consideration  indicates  already  that  if  it  should  be  at  all 
possible  to  infer  the  probability  of  an  event  from  the  observation 
of  the  frequency  of  its  happening  in  a  known  number  of  cases,  that 
probability  can  be  fixed  only  approximately.  We  shall  see  further 
on  that  no  such  inference  can  be  absolutely  drawn,  but  that  we 
can  only  assign  a  certain  probability  to  each  inference,  and  that 
the  most  we  can  do  is  to  fix  certain  limits  within  which  this 
probability  of  the  event  will  lie. 

Before  proceeding  further,  it  will  be  useful  to  call  to  memory 
a  few  well  known  theorems  in  the  theory  of  probability,  of  which 
we  shall  have  to  make  use. 

M 

If  the  probability  of  an  event  happening  is  ^  —  ^T  —p,  the 

N  . 
probabilty  of  its  failing  will  be  =  1  —p ;  and  if  h  trials  are 

made,  then  the  probability  that  the  event  will  occur  m  times,  and 

fail  n  times  (where  h  —  m  +  n)  is       ^-^  *****"**  ^  pm(l—p)n, 

1.2  m'  1.2  .  .  .  .  n1 

which,  applying  Stirling's  formula,  becomes 

This  probability  has  a  maximum  value  when  m  =  hp,  and  n  =  h(l—p), 

 1  

7~&rrhp(l-p)  ' 

If  m  ==  hp  +  x,  n  —  h{\  — p)  —  x9  where  x  therefore  signifies  the 
deviation  from  the  most  probable  occurrence,  the  probability  for 
this  difference  x,  which  may  be  designated  by  H,  becomes 

ffli  +  hphp+x  (l—p) 7/(1  -p)~x 


and  is  then  = 


s/ 27T [hp  +  x) hP + x + * { h  ( 1  -p)  -ff}*<i-P>-*+* 
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and  consequently  approximately* 


1 


£2  —   .  e   2/^(1  -V) . 

s/2irhp{l  -p) 

1  H  -*W 

If  t~ 7=  r  =H2.  fl  becomes  —  e 

hp(l-p)  ^2tt 

The  extreme  values  of  x  are  —hp  and  p),  corresponding  to  the 
values  m  —  0  and  m  —  h,  and  the  integral  \x2e~^2x2d^  can  therefore 
only  be  taken  between  the  limits  —hp  and  A(l  — p)-  but  it  is 
obvious  that  the  value  of  e~^n"x"  is  extremely  small  for  all  values 
of  x  which  are  not  very  small,  so  that  the  value  of  the  integral 
will  not  be  materially  altered  if  we  take  it  between  the  limits  —  x 
and  +oo  instead  of  —  hp  and  h(l—p). 

In  the  same  way  as  is  done  in  the  method  of  least  squares,  we 
will  put 

x2~~=.e         dx  =  M2, 


\Z2tt 


and  call  M  the  mean  deviation  from  the  most  probable  occurrence 
— -a  deviation  for  which  we  must  be  prepared,  if  from  the  known 
probability  of  an  event  we  infer  that  it  will  in  h  trials  occur  the 
most  probable  number  of  times. 
It  follows  by  known  theorems 


and  consequently  the  mean  deviation  from  the  most  probable 
occurrence  becomes  M=  +  .s/hp{\—p)}  supposing  that  A  is  a  large 
number.  The  mean  deviation  absolutely  increases  with  h}  but  its 
ratio  to  h  diminishes  as  h  increases. 

*  This  is  found  by  developing 

\  \     hp)  \     h(l-p)J  \  ~~  2Ap(l~p)  +  6/^2(1-^)2 
consequently 

(1+  JL\  ( i  A  =  e  2hP(i- P) +  mum  -p)2 

V      hp  J  V  h{l-p)J 


and 

1 
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Before  we  proceed  to  our  problem,  we  have  to  prove  the  following 
fundamental  proposition. 

If  an  observed  event  (either  single  or  compound)  may  have 
arisen  from  any  one  of  several  different  causes,  all  of  which  are 
a  priori  equally  probable,  then  the  probability  that  the  event 
is  the  consequence  of  a  certain  specified  cause,  is  equal  to  a 
fraction ;  the  numerator  of  which  is  equal  to  the  probability  of  the 
event  on  the  supposition  that  the  specified  cause  existed ;  and  the 
denominator  of  which  is  equal  to  the  sum  of  the  probabilities  of 
the  event  when  each  of  the  different  possible  causes  is  supposed  to 
exist. 

To  prove  this  we  will  take  the  illustration  of  drawing  white 
and  black  balls  from  different  urns.  Suppose  there  are  z  urns, 
each  of  which  contains  the  same  number  of  balls,  M  +  N,  which 
may  be  either  white  or  black ;  and  that  in  the  first  urn  there  are 
M!  black  and  Ni  white  balls ;  in  the  second  urn,  M2  black  and  N2 
white  balls ;  in  the  third  urn,  M3  black  and  N3  white  balls ;  and 
so  on.  Let  the  observed  event  in  question  be  the  drawing  of  m 
black  and  n  white  balls  from  some  one  of  the  urns  in  m  +  n 
drawings,  the  drawn  ball  being  replaced  in  the  urn  after  each 
drawing ;  and  let  it  be  required  to  find  the  probability  that  the 
drawings  were  made  out  of  a  specified  urn.  The  observed  event 
may  be  considered  as  possibly  arising  from  any  one  of  z  different 
causes,  each  urn  representing  a  different  cause ;  and  as  the  number 
of  balls  is  the  same  in  each  urn,  the  probability  that  the  drawing- 
will  take  place  from  this  or  that  urn  is  a  priori  the  same. 

We  will  now  find,  according  to  the  above  proposition,  the 
probability  that  the  event  observed  has  arisen  from  the  sth  urn, 
putting  for  brevity  the  probability  of  drawing 


a  white  ball 


a  black  ball 


from  the  1st  urn 


N, 


M, 
Mi  +  N, 

M2 


1 


M,  +  N, 


2nd 


N2 


1 


3rd 


M2+N2 
N3 


M2  +  N2 
M3 


The  numerator  is  to  consist  of  the  probability  of  the  observed  event, 
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computed  as  if  there  existed  only  that  single  cause,  the  urn  s;  and 
is 

1.2  (m  +  n)    m/-  v 

The  denominator  is  to  consist  of  the  sum  of  the  probabilities 
computed  from  all  existing  causes,  and  is  therefore 

1.2  . 

"~  1.2  .  .  m 


+  yn(\-ysyn+   +  3fc»(l-Jfe)«}  . 

whence  the  probability  we  seek  is 

 ysn{i-ys)m  

2/^(1 —7/0^+^(1 — 2/2)w + . . .  .+y/(l-y,)m+. . . .  +yzn(l-yz)m- 

We  can  prove  the  correctness  of  this  expression  by  comparing 
the  number  of  favorable  cases  with  that  of  all  possible  cases. 

Disregarding  for  a  moment  the  circumstance  that  different  urns 

exist,  let  us  consider  the  probability  of  the  observed  drawing  from 

one  single  urn,  say  the  rth.    It  contains  M?.  black  and  Nr  white 

balls.    The  number  of  all  possible  cases  for  a  combination  of  m  +  n 

balls  out  of  Mr  +  Nr,  if  the  drawing  is  performed  in  the  way  we  have 

described,  is  (Mr  +  Nr)m+n ;  and  if  this  binomial  is  developed,  its 

terms  express  the  number  of  cases  in  which  m  +  n,  m  +  n  — I, 

m  +  n  — 2,  2,  1,  0,  black  balls  can  be  combined  with 

0,  1,  2,  rn  +  n  —- 2,  m  +  n—  1,  m  +  n,  white  balls.  The 

exponent  of  Mr  corresponds  with  the  number  of  the  black  and 

the  exponent  of  Nr  with  the  number  of  the  white  balls,  and 

1  2  (m  +  n) 

consequently  =— ^ — '  '  v  — —  Mrm  Nr*  is  the  number 

*       J  1.2  m-1.2  n 

of  the  favorable  cases. 

The  probability  of  drawing  m  black  and  n  white  balls  from 

the  rth  urn  would  be  a  priori 

1.2  .  .  .  .  {m  +  n)    M  mN  n 

~  {Mr  +  7$r}m+n 

It  has  been  observed  that  m  black  and  n  white  balls  have  been 
drawn,  and  we  have  to  determine  the  probability  that  the  drawing 
was  made  from  the  sth  urn.  It  is  obvious  that  the  number  of 
favorable  cases  is 

1.2  ...  .  (m  +  n)  M„N  n 
1.2..ml.2...*TA*  Wf  ' 
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and  the  number  of  all  possible  eases,  after  m  black  and  n  white 
balls  have  been  drawn,  consists  of  the  sum  of  the  favorable  cases 
from  all  urns,  and  is  consequently 

,  1-2-"  fr»  +  ft)  j  M^N^  +  Mo' W  +  •■••  +  M/*N/  + . . .  +  M/'N/-}  . 
1 . 2  . . .  m  1 . 2  . . .  n  (  ) 

The  probability  that  the  event  observed  arose  from  the  sth  urn 
is  consequently 

 M/»N/ 

This  coincides  with  the  expression  found  according  to  our  proposition, 
as  will  be  immediately  seen  if  we  divide  the  numerator  and  the 
denominator  of  the  last  expression  by  (M  +  N)m+J%  and,  remem- 
bering that  Mi  +  Ni  =  M2  +  N2  =  =  M  +  N,  introduce 

again  the  notation  y\>  y2,   The  expression  then  becomes, 

as  before, 

ysm(i-ys)n  

yim(l~yi)n+y2w(l~y2)n+  +ysm(l~ys)m+.  . ..+///'(! -y,)n' 


IV. 

W e  will  illustrate  this  theorem  by  an  example.  Suppose  we  have 
four  urns,  which  may  be  designated  by  A,  B,  C,  D,  and  we  know 
each  urn  to  contain  the  same  number  of  balls.  Suppose  we  know 
besides  that  among  each  five  balls  there  are  in  A  one,  in  B  two, 
in  C  three,  in  D  four  white  balls,  the  other  balls  being  black.  In 
eight  drawings  from  one  of  the  urns,  replacing  each  ball  as  drawn, 
three  white  and  5  black  balls  have  been  drawn.  What  is  the 
probability  that  the  drawing  was  made  from  urn  C  ?  This  pro- 
bability is  according  to  our  proposition 

Of  Of  _  864 

In  the  same  manner,  we  could  find  the  probability  that  the 

,  i   n  A    1024    n       -n    1044   r       -p,  64 

drawing  was  made  trom  urn  A,        ;  irom  B,        ;  irom  D,  . 

The  probabilities  are  very  different  for  the  different  urns,  and  if 
we  are  to  draw  a  conclusion  from  the  observed  event  to  the  urn 
from  which  it  has  taken  place,  we  certainly  will  decide  in  favor 
of  that  urn,  the  supposition  of  which  gives  the  greatest  probability 
to  the  event  observed ;  in  our  example  this  is  the  urn  B. 

Without  making  any  change  in  the  results,  we  might  have 
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designated  the  urns,  instead  of  A,  B,  C,  D,  by  the  proportions  in 
which  the  white  or  black  balls  are  contained  therein ;  and  might 
have  asked,  what  was  the  proportion  of  the  white  balls  which  gave 
rise  to  the  event  observed?  But  this  question  is  the  same  with 
the  question,  what  probability  of  drawing  a  white  ball  may  be 
considered  as  the  cause  of  the  observed  event  ?  In  the  case  which 
we  have  chosen  for  our  example,  we  are  bound  to  choose  among 
the  only  four  existing  probabilities.  But  this  restraint  does  not 
prevail  in  all  cases. 


As  we  have  seen  in  the  example  just  given,  each  possible 
probability  for  the  happening  of  a  single  event  may  be  considered 
as  a  cause  for  the  event  observed ;  and  it  is  obvious  we  need  not 
introduce  the  different  urns  to  represent  the  causes.  One  urn 
will  be  quite  sufficient,  if  the  proportion  of  the  white  and  black 
balls  therein  is  unknown ;  and  the  different  possible  proportions, 
each  corresponding  to  a  different  probability,  may  be  considered 
the  causes  of  the  event.  If  the  proportion  of  the  white  and  black 
balls,  or,  in  other  words,  the  probability  of  drawing  a  white  ball, 
is  unknown,  and  if  no  observation  has  been  made,  there  exists  no 
reason  to  decide  in  favor  of  a  certain  probability,  so  that  a  priori 
each  value  of  it  is  equally  probable. 

Let  z  be  the  number  of  balls  which  the  urn  contains,  then 
white  and  black  balls  may  be  combined  in  the  following  ways, 

0  white  and     z     black  balls 

1  >>        )>     %     1      »  >> 

2  >,      „    2  — 2    ,,  „ 
z—2    „      „      2      „  ,, 

%  >>        y>        0         ,,  ,, 

Let  the  probabilities  of  drawing  a  white  ball  according  to  these 

3  +  1  hypothesises,  be  y0,  yY,  y2,  ,  yz_2,  yz_i,  yz;  the 

probability  of  drawing  a  black  ball  becomes  1—  yl}  l—y2,  

l  —  y2-i,  l—yz.    It  is  obvious  that  y0  and  1—  yz  are  equal  to  0. 
If  the  unknown  existing  probability  of  drawing  a  white  ball, 

which  must  be  contained  among  the  values  y0,  y\,  yZ}  be 

designated  by  y,  and  if  the  drawing  of  n  white  and  m  black  balls 
in  the  manner  described  has  been  observed,  the  probability  of  the 

VOL.  XX.  2  F 
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hypothesis  that  y  is  the  probability  of  drawing  a  white  ball,  is 
according  to  the  proposition  before  proved, 

 yn(l—  y)m  

The  terms  yom{l—yo)n  and  yzm(\  —  yz)n  are  here  omitted  in  the 
denominator,  as  they  are  both  zero.  This  expression  contains  only 
one  variable  y ;  and  if  we  are  at  liberty  to  dispose  of  it,  we  will 
certainly  choose  it  of  such  value  that  the  probability  of  our  hypothesis 
assumes  a  maximum  value.  In  other  words,  among  the  different 
hypothesises  which  we  may  advance  as  the  cause  of  the  event 
observed,  we  will  choose  the  most  probable,  and  this  is  the  same 
hypothesis  the  supposition  of  which  would  give  a  greater  probability 
to  the  event  observed  (if  no  observation  had  been  made)  than  any 
other  admissible  supposition.  As  the  denominator  of  the  fraction 
above  is  constant,  the  fraction  becomes  a  maximum  when  the 
numerator  yn(l  —  y)m  is  a  maximum.  In  solving  the  problem,  we 
must  not  forget  that  with  reference  to  our  example,  we  are  not 
quite  at  liberty  respecting  the  value  of  y,  but  that  we  are  obliged 
to  choose  one  of  the  values  y0,  yu  yz. 

VI. 

Hitherto  we  have  confined  ourselves  to  the  case  of  drawing 
white  and  black  balls,  but  this  has  been  only  for  the  sake  of 
simplicity.  Our  conclusions  will  apply  equally  well  in  other  cases, 
supposing  the  conditions  expressed  in  our  general  proposition  are 
fulfilled.    We  will  now  take  an  example  of  another  kind. 

If  it  has  been  observed,  that  out  of  m  +  n  persons  of  a  certain 
age,  m  have  died  within  a  year,  and  n  have  survived  the  year,  what 
is  the  best  hypothesis,  founded  upon  this  observation,  for  the 
probability  that  a  person  of  the  age  in  question  will  live  for  a  year  ? 
If  there  existed  no  observation,  every  possible  value  of  the  probability 
considered  to  be  the  cause  of  the  observed  event,  would  be  equally 
probable.  After  the  observation  has  been  made,  the  probability 
of  each  hypothesis  can  be  determined;  and  that  hypothesis  is  called 
the  best  one  which  has  the  greatest  probability.  The  problem 
implicitly  contains  the  supposition  that  the  probability  of  living  a 
year  is  considered  to  be  the  same  for  every  person  of  the  given  age, 
so  that  all  individual  peculiarities  in  this  direction  are  disregarded. 
From  this  point  of  view  there  is  no  difficulty  in  conceiving  the 
probability  of  surviving  a  certain  period  to  be  analogous  to  that 
of  drawing  a  white  ball ;  but  as  this  probability  may  have  any 
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value  between  0  and  1,  we  must,  if  we  wish  to  follow  up  the 
analogy  with  the  urn  and  balls,  suppose  the  number  of  balls  in 
the  urn  to  be  infinite.  In  this  case,  the  numerator  of  the  fraction 
which  expresses  the  probability  of  the  hypothesis  y,  remains 
unaltered,  yn(1  —y)m ;  but  the  denominator  will  now  consist  of 
the  sum  of  an  infinite  number  of  terms  of  the  form  yn(l  —  y)m, 
where  y  continuously  changes  from  0  to  1.  If  we  multiply  the 
denominator  by  dy,  it  becomes  JJjy^(l  —  y)mdy.  We  must  multiply 
the  numerator  also  by  dy,  in  order  that  the  value  of  the  fraction 
may  not  be  altered;  and  thus  we  get  the  probability  of  the  hypo- 

thesis  that  y  is  the  probability  of  living  a  year  =   — — — . 

P        y        8  y  \ya-y)mdy 

The  value  of  the  definite  integral  jjyn(l  —  y)mdy}  can  be  found  by 
partial  integration,  and  is 

1.2  (m  —  \)m  1 


(n  +  \)(n  +  %)  (n  +  m  —  l)(n  +  m)   n  +  m  +  l' 

and  therefore  depends  only  upon  n  and  m  :  let  us  for  brevity  put 
it  equal  to  1  -7- A.  Then  the  probability  in  question  becomes 
Ayn(l  —  y)mdy.  In  consequence  of  the  factor  dy,  this  probability 
is  infinitely  small;  and  we  therefore  cannot  assign  any  finite 
probability  to  the  hypothesis  of  any  assumed  value  of  y.  But  we 
can  find  certain  limits  a  and  v,  such  that  the  probability  that  y 
will  lie  between  them,  Aj%/^(1  —  y)mdy,  is  so  great  that  values  of 
y  which  lie  beyond  these  limits  may  be  considered  inadmissible. 

We  may  also  determine  y  so  that  kyn(\—y)mdy  is  a  maximum, 
and  consider  this  value  of  y  as  the  best  supposition.  Obviously 
the  limits  u  and  v  will  span  the  narrowest  interval,  when  they 
include  those  values  of  y  which  give  the  greatest  values  to 
k.yn{\  —  y)mdy  ;  and  from  this  point  of  view,  too,  that  value  of  y 
which  makes  the  probability  mentioned  a  maximum,  is  an  impor- 
tant one.     In  this  case  yn(l—  y)mdy  must  be  a  maximum,  or 

771  ~\~  71     (  77  \ 

d{yn(l  —  y)m}  =  0,  whence  -7-  r\y  Y=0.    As  the  first 

factor  of  the  term  on  the  left  side  cannot  be  0,  the  second  factor 

fl  771 

must  be  put  =0,  so  that  ?/=  — ■ — ,  l  —  y— — ■ — .  Hence, 
r  '  v     77i  +  n         *     m  +  n  3 

starting  with  the  assumed  observation,  the  best  hypothesis  we  can 

make  is  that  the  probability  of  living  a  year  at  the  age  in  question 

71  •      ■  771 

is   ,  and  the  probability  of  dying  within  the  year 


771  +  71  1  J  "771  +  71 


2  f  2 
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vii. 

If  the  event  observed  is  a  more  complicated  one;  if,  for 
instance,  we  have  observed  that 

out  of  mi  +  Hi  persons  of  the  age  t\ ,  m1  died  in  the  following  year,  n\  survived  it; 
n    m2  ~^~n2       »         „        t2y  m2        ,,  ,,  n2 

„    m3+n3       „         „       h3mz        „  „  n3  „ 

99      ^V""f~?V  99  99  tp)  ))  9}  ftp  99 

we  should  find  by  a  process  similar  to  the  preceding  that  the 
probability  of  the  hypothesis  that  yx  is  the  probability  of  living  a 
year, 

at  the  age  h=      v     yi(   /  =A1y1>h(l-y1)«*dy,  suppose 


3) 


thaty2    „     „   h=ff.  y^l^H^y^dy 

l0ynii-y)mftay 

"   \  "    "  \\yn^-y)m>dy~ 
»     »    »  f^^7y^  =KyMi~y*r*dy 

ynv(\—y)™vdy 

The  probability  that  all  these  suppositions,  yu  y2,  y^}  for 

the  different  ages,  may  be  made  simultaneously,  is  equal  to  the 
product  of  these  probabilities,  the  single  parts  of  the  event 
observed  being  independent  of  each  other ;  it  is 

=AjAa  —  A^(l  -yipyf*Q> -y*)™* —  yMi-y^WyY* 

If  this  is  to  be  a  maximum, 

must  be  a  maximum,  consequently  the  first  derivative  must  be 
zero.    Taking  the  logarithms  and  differentiating,  we  find 

or 

which  may  be  written  thus — 
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VIII. 


We  have  now  to  consider  two  cases ;   according  as  (1)  the 

probabilities  y±,  y2,  y^,  are  independent  of  each  other,  or 

(2)  they  are  connected  with  each  other  by  certain  relations.  In 

the  first  case,  yY,  y2,  y^,  being  independent  of  each  other, 

the  above  equation  leads  to  the  /jl  equations, 

mi +  71!  (  ni    )  ,       ,  .  ,    .  nx      1  mx 

y2(l-*/2)F2  m2+njdy2>  »  »  ^2~^hT2>A  y2~^HT2; 
and  so  on. 

The  supposition  that  yi,  y2,  .......  y^y  are  independent  of  each 

other,  allows  no  further  "  adjustment"  of  the  result.  The  problem 
is  completely  and  definitely  solved.  Whatever  may  be  the  irre- 
gularities in  the  values  of  y1}  y2,  y^,  we  must  accept 

them ;  no  objection  can  be  made  to  them,  and  there  is  no  reason 
to  alter  the  values  found.  No  "  adjustment"  is  permissible  unless 
we  admit  that  the  probabilities  found  are  to  satisfy  certain  con- 
ditions, either  expressly  proved  or  tacitly  assumed,  in  addition  to 
the  observed  facts.  The  problem  of  adjustment  will  then  consist 
in  solving  the  equation 


in  such  a  way  that  yi,  y2j  .  .  .  .  satisfy  the  proved  or  assumed 
conditions. 


IX. 

The  relations  between  the  probabilities  y\,  y2)  y^,  or 

the  conditions  they  are  to  fulfil,  may  be  introduced  in  very  different 
ways.  The  most  complete  way  is  when  the  probability  (as  for 
instance  the  probability  of  living  a  year)  is  assumed  to  be  a 
function  of  the  age  of  known  form.    Assume,  then,  that  for  all 

the  ages  under  observation  y—f{a,  ft,  <y  /)  where  the 

form  of  /  is  known  and  a,  /3,  7  ....  are  constants  to  be  deter- 
mined so  as  to  satisfy  the  equation 

where  we  must  substitute  df(a>  ft,  7  .  .  .  t)  in  the  place  of  dy . 
Since  a,  (3,  7  vary  independently  of  each  other,  we  have  to 


422  The  Computation  and  Adjustment  of  [Jan. 

compute  the  partial  differential  quotients  of  f(a,  ft,  y  .  .  .  .  t) 
with  reference  to  a,  ft,  j  ...  .  and  introduce  them  into  the  above 
equation.    This  leads  to  the  equations 


(y{l—y)\  m  +  nJ  da) 
sf  m  +  n  f  _     n  \dy) 

Xy(l-y)\V  m  +  Jd/3) 

(y(l  —  y)V  m  +  n/ dy) 


We  thus  have  as  many  equations  as  there  are  constants,  and  the 
constants  are  to  be  computed  from  these  equations. 


The  solution  of  the  equations  depends  on  the  form  of  the 
function  f,  and  will  differ  according  as  the  values  a,  ft,  7  .  .  .  . 
appear  in  a  linear  form  or  not.  But  even  in  the  first  case,  where 
f(a,  ft,  y,  ....  t)  may  be  put   =  a  +  ftt  +  yt2  +  ,  the 

m  +  n 

factor  — —  contains  the  unknown  quantities  a,  ft ,  y,  

in  the  denominator,  that  is,  in  non-linear  form ;  and  this  obliges 
us  to  adopt  a  method  of  solution  by  approximation. 
Let  A  be  an  approximate  value  of  y,  and  let 

Ai  +  Ei  =  yu  A2  +  E2  =  2/2,  A3  +  'E3  =  ij3,  &c,  .  .  .  .,  it  follows  that 

m  +  n  m  +  n  m  +  n 

y{l-y)  =  (A  +  E)(l-A-E)  ~  AiT- Kj+ E (1  - 2A) - E2 

m+n  m+n  1 


A(1-A) '< 

If  A  is  very  nearly  equal  to  y,  E  will  be  so  small  that  E  :  A  and 

E  :  (1  —  A)  may  be  neglected  compared  with  the  value  1,  and  we  may 

1  i       m  +  n  .       .  .        m  +  n 

take  Yn — \\  approximately  equal  to 


A(l-A)  -rr--— ~v  -1  y{1_y) 
The  partial  differential  quotients  of  y~a  +  /St+yt2+ 

dy 

da  ~~}  (I ft  ~'>  dy 
the  principal  equations,  we  get 


i1  —  \,  y/.  —t,  ~-  —i1,  &c,  and  substituting  these  values  in 
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&c. 


s{a^(«'^''^--:-  -5^))-° 

*{4a5C-+^+"v  -=£)}-. 

If,  for  brevity,  we  put 

(   m  +  /?  _  (  n2  

U(l-A)  J    ~a  lA(T^A)(m  +  rc)J  ~ 

iA(ra)r-"6 

U(i-A)r  "Cj  ^ 

and  if  we  adopt  the  summing  symbol  introduced  by  Gauss,  our 
equations  take  the  form 

[ad]a+  [ab]/3+  [ac]y+  ....        —  [al]  =  0 

[ab~]a  +  [bb]]3+  [be]  y  +   -  \bT\  =0 

[ac]a  +  [_bc]/3  +  [cc]y  +  ....        —  [cT]  =  0,  &c. 

This  is  the  form  well  known  in  the  method  of  least  squares,  and 
it  is  therefore  superfluous  to  add  more  here  about  the  solution. 
But  we  must  bear  in  mind  that  these  equations  do  not  give  the 
exact  values  of  a,  /3,  y  ...  .  but  only  approximate  values,  which 
perhaps  need  further  corrections,  to  be  found  in  the  same  way. 
This  results  from  the  introduction  of  the  approximate  value  A 
instead  of  y. 

After  having  found  a,  /3,  y,  by  the  preceding  equations, 

we  compute  y\,y2>  y^y  and  compare  them  with  the  approxi- 
mate values  Ai,  A2,  .  .  .  .  .    If  the  neglected  quantities  Ei,  E2, 

 are  too  considerable,  the  method  of  solution  is  to  be  repeated 

with  the  adoption  of  the  approximate  values  of  y\y  y2,  ,  just 

found,  and  this  must  be  continued  until  Ei,  E2,  are  really 

small  enough  to  be  neglected. 


XI. 

Generally  the  quantities  — — — ,  — — 2 — ,  .  .  .  .  will  be  a  first 
J         ^  m1  +  nl  m2  +  n2 

approximation  to  yl?  y2,  if  there  have  not  been  conditions 

introduced  which  forbid  us  to  adopt  them  simultaneously.  The 

difference  between  these  values  and  yi,  y2}  must  not  be  too 
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large,  or  else  the  probability  of  the  occurrence  of  the  event  observed 
would  become  too  small. 
If  we  put 

n  m 

?/  = —  hE.  consequently  1  —  ?/  =  E,  it  follows  that 

v     m  +  n  j        v     m  +  n 

m  +  n  m-\-n  (m-\-n)3 


y(l—y)      f   n     (          m       ^\  mn+J&(m—> n)(m+n)—  W(m+ny 
\m-\-n  ^   J\m-{-n  J 

_  (m  +  n)3^ _  E(m2— n2)  E2(m  +  n)2  } 

mn    \           mn  mn                ) 1 

or  approximately   ™_~^~n  =  (m  +  n)  ^   Adopting  the  same  develop- 
y  y      y  j  mn 

ment  as  shown  in  No.  (x),  we  have 
(m  +  n)% 


a  = 


\/  mn 

3 


v  mn  V  m 


m  4  ft) 


(m  +  ft)^2  n 
c  =  - — j===. — ,  &c. 


Here  too  the  solution  must  be  repeated,  if  the  differences  between 
**»> and  ^Jm2TV respectively,  prove  too 
large  to  allow  of  their  being  neglected. 


XII, 


If  the  function  /  is  such  that  the  constants  a,  ft,  y,  ...  .  appear 
therein  in  a  n on -linear  form,  the  solution  is  to  be  made  similarly 
to  the  analogous  case  in  the  method  of  least  squares.  Approximate 

values  ai .  fti,  y\  must  be  introduced  instead  of  a,  ft,  y,  ...  . 

and  their  corrections  computed.    If  the  approximate  values  alyftl}  yx 

 are  sufficiently  near  to  a,  ft,  y,  ...  .  the  higher  powers  of 

the  corrections  may  be  neglected,  and  thus  the  problem  is  reduced 
to  the  preceding  case. 


XIII. 

It  is  interesting  to  notice  that  our  investigation  has  led  to 
equations  which  have  the  greatest  resemblance  to  those  dealt  with 
by  the  method  of  least  squares,  and  that  we  have  found  these 
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equations,  without  introducing  any  hypothesis,  a  result  unattainable 
in  the  method  of  least  squares.  The  only  difference  between  the 
two  sets  of  equations  lies  in  the  quantity,  which  is  termed  in  the 
method  of  least  squares,  "  the  weight  of  observation'',  and  appears 
there  as  a  quantity  independent  of  the  most  probable  value  of  the 
measured  quantity  sought,  but  here  depends  on  the  probability  to 
be  determined.  It  is  obvious  to  ask  whether  there  are  not  other 
relations  between  the  adjustment  of  measured  quantities  and  the 
conclusions  from  observed  events,  but  it  is  beyond  the  scope  of 
the  present  paper  to  enter  into  this  question. 

XIV. 

The  fact  is,  that  the  relation  y=f(a,  § ,  <y  .  .  .  .  t),  which  has 
been  assumed  to  regulate  the  probabilities  yly  y2, ,  .  .  .  y^y is  very 
often  a  mere  supposition,  the  admissibility  of  which  is  to  be 
examined  with  the  aid  of  the  observation  made.  If  the  probability 
of  an  event  is  yx,  and  nx  +  mi  trials  are  to  be  made,  the  most 
probable  case  will  be  the  happening  of  the  event  y^ni  +  m^)  times, 
its  failure  (1—  +  times ;  but  we  must  reckon,  as  we  have 
seen  (in  n.),  that  there  will  be  a  deviation  of  +  \/ [mx  +  ni)yi(l  —  y^  . 

If  observation  has  shown  that  the  event  has  happened  nx 
times,  and  failed  mY  times,  then  the  deviation  from  the  most 
probable  occurrence  is  nY  —  y^ni-^m^  =7^(1  —  y^  —  mlyl,  and  we 
have  to  examine  whether  this  is  within  the  limits  of  the  mean 
deviation  or  not.  If  it  is,  we  can  make  no  objection  to  the  hypo- 
thetical value  2/1,  as  we  could  not  have  been  surprised  at  the 
occurrence  of  such  a  deviation  from  the  most  probable  case,  even 
if  we  had  known  for  certain  that  the  probability  of  the  event 
was  ylm 

If  we  have  to  do  with  the  concurrent  probabilities,  y\,  y2,  .  .  .  y^, 
and  ni  +  mi,  n2-rm2,  .  .  .  .  n^  +  m^ ,  trials,  we  must  examine  our 
hypothesis  with  reference  to  the  total  result.  The  mean  deviation 
of  the  whole  compound  event  is  ±  \/X(m-\-n)  y{l  —  y) .  If  the 
event  has  occurred  respectively  ni,  n2}  .  .  .  times,  and  failed 
mi,  m2)  .  .  .  m^  times,  the  total  deviation  from  the  most  probable 
case  is  %{n(l  —  y)}  —  S(my)  ;  and  our  opinion  about  the  admissi- 
bility of  the  hypothesis  will  be  materially  determined  by  the 
proportion  this  quantity  bears  to  the  mean  deviation.  The  reason 
is  easily  explained.  In  the  total  deviation,  the  single  deviations 
which  lie  on  different  sides  neutralize  each  other,  while  those  lying 
in  the  same  direction  are  added  together.    Now  it  might  very  well 
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happen,  that  each  single  deviation  is  smaller  than  the  mean  one, 
but  nevertheless  their  sum  is  very  considerable ;  because  by  intro- 
ducing our  hypothesis  all  the  deviations,  or  many  of  them,  lie  in 
the  same  direction,  a  circumstance  which  would  dispose  us  to 
judge  unfavourably  of  the  hypothesis.  On  the  other  hand,  it  is 
not  sufficient  to  examine  only  the  total  deviation.  On  account  of 
the  terms  with  opposite  signs,  this  may  show  the  favorable  result 
0,  while  nevertheless  the  single  deviations  transgress  the  mean 
one  on  different  sides  to  such  a  degree  that  we  should  declare  the 
hypothesis  quite  unallowable. 


xv. 

If  we  examine  the  factor  —7^          more  closely,  we  easily 

2/(1-2/) 

perceive  that  it  would  have  no  influence  on  the  result  of  our 
equations,  if  it  remained  constant  for  all  the  values,  yX)  y2,  .  .  .  y^. 

If  mi  + Ul   —   m2  +  nz   _         __   ??V  +  7V 

"2/2(1-2/2)  ~>*(1-3V)' 

the  equation       ^  -f  ^    n  N  (y  — ^  dy\=0, 

*  {y(l—y)\r     m  +  nj  *) 

leads  to  %{( v  — ^\dy\=0. 

(V      m  +  nj  J  ) 

This  simpler  equation  may  be  used  in  determining  a  first  approxi- 
mation, if  the  factor         ^  may  be  really  considered  approximately 

constant.    But  we  must  not  forget  that  we  are  only  making  a 

m  -\-  n 

preparatory  step,  and  that  the  factor  ^  must  not  be  neglected, 

if  it  assumes  different  values. 

The  quantity    ^    ^  has  its  minimum  value  4,  when  y  =  h. 

If  m  and  n  are  constant  quantities.    ^    U  ,  also  has  its  minimum 

2/(l~2/) 

value,  4*(m  +  n),   when   y  =  i>     For  every  other  value  of  //, 
m  ~f~  n 

—p.  r  is  greater  than  4  (m  +  n),  and  the  more  so,  the  nearer 

2/(1-2/) 

y  approaches  to  the  limits  0  and  1.  An  increase  or  a  decrease 
in  the  number  of  the  observed  events  has  consequently  a  greater 
influence  on  the  result,  the  more  the  probability  y  is  different  from 
\y  and  it  is  obvious  that  the  corrections  must  become  smaller,  if 
the  probability  to  be  corrected  is  itself  a  small  one.    Thai  this  is 
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the  case  both  when  y  approaches  the  limit  0  as  well  as  1,  arises 
from  the  circumstance  that  the  probability  (1—  y)  is  always  opposed 
to  y,  so  that  one  probability  always  approaches  0  as  the  other 
approaches  1,  and  that  the  same  correction,  only  in  an  opposite 
direction,  is  applied  to  y  and  to  \  —y. 

XVI. 

A  geometrical  interpretation  of  the  terms  of  our  formula  will 
facilitate  its  comprehension.  Starting  again  from  the  observed 
facts,  that  the  event  happened  n1}  n2,  .  .  .  .  %  times,  and  failed 
nil,  #*2j>  •  •  •  mix  times,  in  m2  +  n2,  •  •  •  m^  +  n^  trials,  we 

will  denote  the  unknown  probabilities  of  the  event  in  question  by 
Vi>  J/2>  •  •  •  •  ViLy  and  connect  them  with  each  other  by  the  equation 
y=f(a,  As  we  have  already  seen,  the  most  probable 

values  for  yl3  y2}  .  .  .  y^,  would  be 

fti  n2  ?V 

if  they  were  independent  of  each  other. 

Taking  a  pair  of  rectangular  axes,  take  tx  t2  .  • .     as  the  abscissas, 

and  —  —  .  .  .  — j—  as  ordinates,  and  ioin  the  extremities 

of  the  ordinates  by  straight  lines;  then  the  ordinates  of  the  broken 
line  will  represent  the  probabilities  y,  assuming  there  is  no  relation 
between  them.  But  the  construction  is  founded  on  the  assumption 
that  these  probabilities  are  a  function  of  t  varying  if  t  varies ;  and 
our  construction  takes  no  account  of  the  variable  trustworthiness 
which  is  to  be  attributed  to  the  different  values  of  y,  and  which 

is  expressed  by  ■    r^ne  representation  which  the  broken 

line  gives  us  is  only  approximately  correct.  We  know  that  we 
cannot  assume  that  always  the  most  probable  case,  which  may  be 
derived  from  a  probability,  will  occur.  Instead  of  the  broken  line, 
we  shall  do  better  to  imagine  a  zone,  extending  on  both  sides  of 
the  line,  and  the  true  representation  of  y  as  a  curve  within  this 
zone.  The  breadth  of  the  zone  will  depend  on  the  number  of 
trials  made,  and  on  the  value  of  the  probability  y ;  it  will  be  a 
variable  one  in  different  parts  of  the  line. 

But  as  the  single  probabilities  are  to  satisfy  the  condition 
y=f(ay  §,  7  .  .  .  i),  we  must  determine  the  constants  a9  €,  y  .  .  m} 
so  that  the  values  of  yx,  y2)  .  .  .  derived  from  the  equation 
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y=f(a,  €,  7  .../),  are  more  probable  than  those  from  an  equation 
with  any  other  values  of  these  constants. 

If  we  construct  now  within  our  system  of  ordinates  the  curve 
determined  by  the  equation  y=f(a,  §,  7  ...  t),  it  will  agree  the 
more  closely  with  the  broken  line,  the  more  the  events  observed 
correspond  with  the  assumed  hypothesis.  The  deviation  of  these 
probabilities  y  from  what  would  be  their  most  probable  values,  if 

n 

they  were  not  connected  with  each  other,  y—  m_^n>  appears  in 

m  +  n 

the  construction,  while  it  excludes  again  the  factor  —r=  r  with 

y(l-y) 

which  these  deviations  have  been  multiplied  in  our  equation. 


XVII. 

We  will  now  illustrate  the  preceding  considerations  by  some 
applications.  Let  us  suppose  two  series  of  observations,  in  the 
first  of  which  %  white  and  mi  black  balls  have  been  drawn,  and 
in  the  second  one  n2  white  and  m2  black  balls.  The  relation 
between  the  two  series  consists  in  the  supposition  that  the  propor- 
tion of  white  and  black  balls  in  the  urn  has  been  the  same  in  both 
series. 

Consequently  the  probability  y1  becomes  equal  y2. 
If  we  put  y  —  a,  ~-  =1,  in  the  equation 


da 


^   m  +  n    (           n  \ 
we  get  S-^j  v{a  —1=0; 

or,  suppressing  the  constant  factor,  a  j^— — v , 

(1  —  a) 

t{m  +  n)  (a  ^-")  =0; 

V      m  +  nj 

or,  as  there  are  only  two  terms, 

+      (a  ^— )  +  {m2  +  n2)  (a  -j—  J  =0 

V       ml  +  nj      x  V       m2  +  n2J 

If  we  unite  what  can  be  united,  this  gives 

(mi  +  rti  +  m2  +  n2)a —  nY  —  n2  =  0  ; 

consequently  a  — 

^        J  ml  +  nl  +  m2  +  n2 
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We  can  in  this  case  obtain  the  same  result  by  a  direct  solution  of 
the  problem.  Since  the  probability  of  drawing  a  white  ball  is  the 
same  in  both  series  of  observations,  they  may  be  united,  so  that 
they  form  only  one  single  series,  wherein  (mi  -\-ni+m2  +  ^2)  trials, 
(ni  +  n2)  white,  (mi  +  m2)  black  balls  have  been  drawn. 

The  probability  of  the  hypothesis  that  this  event  has  been 
caused  by  a  probability  y  of  drawing  a  white  ball  is 

ynl+n2(JL  —.yjm+Wrfy 

|Jyni+W2(l  —y)mi+m2dy 9 

and  this  probability  has  its  maximum  value,  when 

ni  +  n2 

11  —  . 

mi  +  nx  +  m2  +  n2 

It  would  be  quite  a  mistake  to  look  on  the  mean  value  between 
and  — —  as  the  one  which  corresponds  with  the  most 


mi  +  rii        m2  +  n2 
probable  hypothesis.    That  has,  however,  been  occasionally  done 

by  some  authors,  who  have  put  y  =  \  I  — —  1  — —  \ .  This 


mi  +  ni  m2  +  n2 
value  coincides  with  the  one  found  above  only  in  one  single  case, 
which  we  will  investigate  for  the  purpose  of  explaining  how  it 
came  that  the  mistake  mentioned  has  been  made.  Assume,  then, 
that 

1  /     711     +     n2     1  _        ni  +  n2 

2  I  mi  +  rti     m2  +  n2  )  ~~  mi  +  ?ii  +  m2  +  n2' 

and  for  brevity  put  — ^ —  =  a ,  — ^ —  =  b  : 
J         mi  +  ni  m2  +  n2 

nY        ,  m 

SO  that  7Wi  + Tii  =  —  5  m2  +  ^2  =  t  • 

a  0 

We  get  by  substitution 

ni  +  n2     (ni  +  n2)ab 


\a+\b  = 


rti  n2  nib  +  n2a 
a  b 


\  (ni  +  n2)  ab  +  \nYb2  +  \n^a2  =  (7*1  +  n2)  ab 

nib2  +  n2a2 = niab  +  n2ab 

nib  [b  —  a)—  n2a  (b  —  a) 

,                     n2  Tii 
mo  =  n2a  or  Tii  - —  =  n2 


m2  +  n2        mi  +  ni 
consequently  mi  +  Tii  =  m2  +  n2 . 
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It  thus  appears  that  the  mean  value  of  — — —  and  — ^ — 

ri  m\  +  ni         m2  +  n2 

can  be  considered  the  most  probable  value,  only  when  the  number 
of  trials  has  been  the  same  in  both  series  of  observations.  In 

that  case  y  becomes  =    f11"^^2     an(j  ^he  same  result  follows  by 
y  2(m1  +  n1)f  J 

our  method  of  adjustment. 

If  the  number  of  trials  is  different  in  the  two  cases,  the  method 

of  means  is  not  applicable.    The  number  of  trials  is  decisive  with 

reference  to  the  trustworthiness  of  the  probabilities  found,  and  the 

method  of  means  leaves  out  this  important  element,  considering 

both  probabilities  as  equally  trustworthy,  which  is  allowable  only 

if  they  have  been  derived  from  an  equal  number  of  trials. 


XVIII. 

If  instead  of  two  series  of  observations  there  exist  fi  series, 
all  connected  with  each  other  by  the  supposition  that  in  all  series 
the  proportion  of  white  and  black  balls  has  been  the  same,  or,  in 
other  words,  that  the  probability  of  drawing  a  white  ball  has 
always  been  the  same,  then  the  equation 

\  y{l—y)  V     m  +  nJ  v  ) 
y  being  =a,  becomes 

%(m  +  n) 

The  correctness  of  this  proposition  will  be  acknowledged  imme- 
diately, if  we  recall  to  mind  that  we  may  divide  each  series  of 
observations  into  different  parts,  and  that  our  conclusions  must  be 
the  same,  whether  we  derive  them  from  the  undivided  series  of 
observation  or  from  the  whole  number  of  parts  of  which  it  is 
composed. 

XIX. 

It  cannot  be  denied  that  the  application  of  the  above  principles 
to  find  the  most  probable  hypothesis,  leads  to  troublesome  and 
laborious  calculations,  especially  if  the  probabilities  to  be  found  are  of 
a  complicated  nature.  But  this  circumstance  is  no  sufficient  justi- 
fication for  putting  in  the  place  of  logical  reasoning  a  more  or  less 
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arbitrary  and  mechanical  process,  which,  although  it  may  have  the 
advantage  of  great  simplicity  and  shortness,  and  may  give  a  very 
regular  series  of  numbers,  does  not  offer  the  least  certainty  that 
the  values  found  are  the  best,  that  is  to  say,  the  most  probable 
ones  to  be  derived  from  the  observation  in  connection  with  the 
stipulated  conditions. 

For  the  solution  of  our  problem,  it  is  above  all  necessary  that 
we  should  be  clear  about  the  conditions  which  are  to  be  satisfied 
by  the  probabilities  sought;  for  the  whole  problem  of  adjustment, 
as  already  pointed  out,  depends  on  the  conditions.  The  intro- 
duction of  these  conditions  is  the  only  justification  for  our  altering 
the  values  of  yly  y.2>  .  .  .  y^y  which  would  be  the  most  probable 
ones  if  the  quantities  were  independent  of  each  other.  If  no  such 
conditions  had  been  introduced,  there  would  have  been  no  reason 
to  forbid  any  irregularity,  however  great.  If  the  regularity  which 
is  desired  in  the  series  y1}  y-2,  .  .  .  y^,  is  the  consequence  of  condi- 
tions apart  from  observation,  it  will  not  be  denied  that  these 
conditions  must  be  precisely  defined,  and  expressed  in  such  a  form 
that  they  can  be  introduced  into  the  process  of  calculation.  Fur- 
thermore, if,  as  we  have  seen,  a  correct  method  of  finding  the 
best  hypothesis,  cannot  dispense  with  taking  into  consideration  the 
frequency  of  the  trials  made,  we  must  reject  every  method  which 
does  not  take  account  of  that  frequency.  The  methods  of  adjust- 
ment best  known,  besides  being  more  or  less  arbitrary  and 
mechanical,  take  no  account  of  the  frequency  of  the  observed 
events  in  connection  with  the  probability  in  question.  This 
remark  refers  also  to  the  calculations  made  for  the  graduation  of 
mortality  tables.  Most  of  them  have  been  applied  to  a  mortality 
table  fictitiously  made  up,  while  they  ought  to  have  been  applied 
to  the  probabilities  and  the  numbers  observed. 

Generally  this  mortality  table  has  been  calculated  by  means  of 
the  unadjusted  probabilities  of  surviving  a  year,  as  they  would 
follow  from  observation,  if  we  suppose  each  probability  to  be 
independent  of  all  the  other  ones.  A  table  of  the  number  living 
at  each  age  having  been  formed  by  multiplying  the  probabilities, 
and  transforming  the  product  into  whole  numbers  by  multiplying 
with  a  common  denominator,  the  further  task  consisted  in  removing 
the  irregularities  of  this  table  on  the  basis  of  any  suppositions  what- 
ever, or  in  a  more  or  less  mechanical  way  by  correcting  the  numbers 
of  persons  living.  The  series  thus  to  be  corrected  takes  no  notice 
at  all  of  the  frequency  of  the  observations,  all  the  probabilities 
used  in  framing  it  having  been  considered  as  of  the  same  trust- 
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worthiness.  But  even  those  methods  which  apply  the  adjustment 
immediately  to  the  probabilities,  ignore  the  important  influence  of 
the  frequency  of  the  observation. 


xx. 

Finally,  we  intend  to  glance  at  some  of  the  methods  of  adjust- 
ment recommended  for  the  graduation  of  mortality  tables. 

1.  Method  of  Filipowski  {The  Insurance  Record,  of  9th  Dec. 
1870,  p.  393).  This  is  applied  to  a  table  of  the  numbers  living, 
constructed  in  the  manner  above  described.  The  influence  of  the 
frequency  of  the  observations  in  connection  with  the  probability  of 
surviving  a  year  is  thus  entirely  neglected. 

Let  Zo  h  h  •  •  •  •  De  the  unadjusted  numbers  living  according 
to  the  table,  l\  l\  l\  .  .  .  the  adjusted  numbers.  Now  Filipowski 
assumes 

and  from  this  he  deduces 


^ 2=4  (  — g  1  g —  j  =  4  '    and  so  on. 

If  the  numbers  l\  V%  .  .  .  .  are  not  sufficiently  regular,  this  process 
is  repeated  as  often  as  is  necessary. 

It  cannot  be  denied  that  this  method  is  a  mere  mechanical  one. 
It  is  not  founded  on  principles  clearly  defined,  and  it  removes  all 
irregularities  which  the  observation  brings  out,  without  caring 
whether  these  irregularities  are  founded  in  the  nature  of  the  event, 
or  whether  they  appear  as  a  consequence  of  the  insufficiency  of  the 
facts  observed. 

2.  Method  of  Wittstein  (Mathematische  Statistik,  p.  30, 
Hannover,  1867*).     Wittstein  starts  with  the  most  probable 

values,        — ,  — ^ — ,  .  .  .,  and  with  the  object  of  removing:  the 
mi  +  ni   m2  +  n2  J 

irregularities  in  them,  he  considers  each  y  to  be  the  arithmetical 

mean  of  5  of  these  values,  where  the  index  of  y  corresponds  to 

that  of  the  middle  term  of  the  5  numbers.     If  the  regularity 

acquired  by  this  process  is  not  sufficient,  the  process  is  repeated. 

*  A  translation  of  this  treatise  will  be  found  in  vol.  xvii  of  this  Journal, 
pages  178,  355,  417.— Ejd.  J.I.A. 
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Thus  Wittstein  finds  the  first  time,  putting  for  brevity  — ; —  =/J, 

r       °  v  m  +  n  4 

_  Pr-2+  Pr-i+Pr+pr+i  +  Pr+2 
//,—  5 

and  after  repeating  the  process, 

__  pr-4  +  2pr-3  +  8pr-a  +        - 1  +  5j7r  +  4ft. 4. !  +  3pr+2  +  2pr+3  + 

25 

The  same  objections  which  we  had  to  make  to  the  method  of 
Filipowski  apply  also  to  this.  Wittstein  himself  declares  (p.  31) 
that  any  other  number  of  terms  might  be  chosen  instead  of  5, 
the  number  he  has  adopted  to  form  the  arithmetical  mean.  He 
thus  tacitly  admits  that  his  process  is  an  arbitrary  one.  Two 
computers,  of  whom  one  should  apply  the  number  5,  the  other  a 
different  number  of  terms,  would  obtain  different  results ;  but 
each  of  them  claims  his  solution  to  be  the  correct  one. 

The  argument  upon  which  this  method  is  founded,  is  darkened 
by  the  consideration  that  the  condition  established  does  not  refer 

to  the  probabilities,  yi9  y>2,  finally  to  be  found,  but  to  one 

value  of  y  and  to  a  series  of  values  of  n :  (m  +  ri).  Thus  in  reality 
no  connection  between  the  different  values  of  y  is  established.  It 
would  be  quite  different,  if  the  condition  were,  that  5  values  of  y 
are  to  form  an  arithmetical  series ;  a  ad  we  are  tempted  to  presume 
that  such  a  demand  has  been  the  real  foundation  of  Wittstein' s 
method,  and  has  then  been  modified,  to  avoid  the  breaks  which 
would  appear  in  advancing  from  one  arithmetical  series  to  the  next 
one.  If  we  establish  this  condition,  and  if  we  apply  our  method 
of  adjustment  explained  before,  putting  y  =  a  +  §t,  but  excluding 

7)1  H~  71 

the  factor  —rz  r ,  we  should  find,  in  conformity  with  Wittstein, 

_  Pr-2  +  Pr-l  +Pr+  Pr+l  +  Pr+2 
Vr~  5  > 

but  our  values  for  pr_  ,  pr-i>  Pr+ij  pr+i,  would  not  correspond 
with  what  he  finds,  because  with  us  these  values  are  to  be  regulated 
by  the  same  condition,  which  is  not  the  case  with  him. 

Wlien  Wittsteuv's  process  is  repeated,  yr  comes  to  depend  on 
9  values  of  p.  If  we  had  established  the  condition  that  9  values 
of  n  :  (m  +  n)  were  to  be  an  arithmetical  series,  our  method  of 

771  ~\~  71 

adjustment  (the  factor  ^ — ^  being  always  excluded)  would 
bring  out 

vol.  xx.  2  Q 
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_  pr~*  tPr-3+Pr-2  +  Pr-l+Pr+llr+l+Pr+2+Pr+3+pr+4  . 
Vr—  y  > 

but  if  we  had  proceeded  in  our  solution  in  an  erroneous  way,  so  as 
to  seek 

a  mean  value  from  pr-4Pr-zPr-2Pr-iPr> 
another  one  from  Pr-zPr-2pr-\PrPr+i> 
another  one  from  Pr-2Pr-iPrPr+iPr+2, 
another  one  from  Pr-iPrPr+iPr +2Pr+3, 

another  one  from  PrPr+\Pr+2Pr+zpv+  \> 

and  had  finally  determined  yr  as  the  mean  value  of  the  5  means 
before,  then  we  would  come  to  the  same  result  as  Wittstein,  because 
now  we  have  taken  into  consideration  pr_i  and  pr+4c  simply,  pr_3 
and  pr+3  twice,  pr-2  and  pr+2  three,  pr_i  and  pr+i  four,  and  pr 
five  times,  which  proceeding  would  not  be  justified  at  all.  This 
consideration  will  throw  some  light  upon  the  method  of  Wittstein. 
The  method  of  Finlayson  has  so  much  resemblance  with  that  of 
Wittstein,  that  it  needs  no  separate  discussion. 

3.  Method  of  Woolhouse  (Journal  of  the  Institute  of  Actuaries, 
vol.  xv,  p.  390).  This  method,  like  the  two  former,  takes  no 
account  of  the  degree  of  trustworthiness  of  the  single  probabilities 
as  derived  from  the  frequency  of  the  observations.  It  is  applied 
to  the  numbers  of  persons  living,  in  a  mortality  table  constructed 
as  before  described.  Taking  15  consecutive  values  of  Z,  and  grouping 
them  hklii,  hhh2>  khhs,  hhlvo  and  Z5Z10?i5^  it  considers  the  three 
Vs  belonging  to  each  group  as  ordinates  of  a  curve  of  the  second 
degree,  and  calculates  from  each  group  the  ordinate  corresponding 
to  the  absciss  for  ls,  determining  then  l\  as  the  mean  value  of 
these  five  ordinates.  This  is  open  to  the  same  objections  as  the 
other  methods.  It  is  arbitrary,  and  the  condition  does  not  connect 
the  final  values  of  y. 

Possibly  the  original  idea  was  that  15  consecutive  values  of  y 
were  to  be  an  arithmetical  series  of  the  second  order;  or,  in  geo- 
metrical language,  the  ordinates  of  a  curve  of  the  second  degree. 
If  this  were  the  case,  the  5  curves  which  correspond  to  the  5 
groups,  would  form  one  single  curve  of  the  second  degree,  and  V% 
would  coincide  with  78.  But  the  5  curves  could  also  all  go  through 
the  same  point,  the  ordinate  of  which  is  Z8,  without  being  parts  of 
one  single  curve  of  the  second  degree,  and  then  too  Z'8  would  be 
=  Z8,  that  is  to  say,  the  condition  would  be  fulfilled  without  a 
correction. 
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All  these  different  methods  seem  to  have  sprung  from  the 
same  source ;  they  resemble  each  other  very  closely,  not  only  in 
their  defects,  but  also  in  their  processes,  and,  from  a  theoretical 
point  of  view,  they  are  all  inferior  to  the  method  of  adjustment 
explained  in  this  paper. 

Hamburg,  September  1877. 


On  the  Analogy  between  an  Annuity -Certain  and  a  Life  Annuity. 
By  George  King,  F.I.A. 

The  strict  analogy  which  exists  between  these  two  classes  of 
annuities  has  doubtless  received  the  consideration  of  the  majority  of 
students^  but  I  am  not  aware  that  it  has  ever  in  print  had  that  atten- 
tion which  it  deserves ;  and  at  any  rate  our  usual  text  books  hardly 
even  refer  to  it.  Although  it  is  shown,  in  the  short  but  suggestive 
article  of  the  late  Prof.  De  Morgan  (vol.  iv,  p.  277),  in  the  most 
general  way,  that  years,  or  periods  of  time,  may  be  interchanged 
with  any  other  kind  of  status  whatsoever,  whether  certain  or 
contingent ;  yet,  as  successive  statuses  are  almost  exclusively 
spoken  of,  the  less  complex  cases  are  liable  to  escape  notice. 
Under  these  circumstances,  the  following  brief  notes  may  not  be 
thought  superfluous. 

In  comparing  an  annuity-certain  wTith  a  life  annuity,  we  can 
look  at  it  from  two  points  of  view.  We  can  consider  that  the 
status  of  n  years  certain  terminates  just  after  the  expiry  of  n  years, 
or,  symbolically,  that  it  consists  of  a  period  of  w  +  0  years;  and 
that  the  annuity  of  1  is  payable  at  the  end  of  each  year  as  long  as 
the  status  exists,  nothing  being  due  at  the  end  of  the  year  in  which 
it  fails.  Or  we  may  imagine  the  status  to  terminate  just  before 
the  n  years  run  out,  to  consist,  that  is,  of  n  —  0  years;  and  the 
annuity  to  be  composed  of  n  —  1  payments  made  at  the  end  of  the 
several  years  while  the  status  lasts,  together  with  a  payment  at  the 
end  of  the  year  in  which  the  status  fails.  Either  of  these  alter- 
native modes  of  regarding  the  annuity-certain  may  be  selected,  but 
perhaps  the  second  will  be  found  the  more  convenient,  and  it  will 
be  adopted  in  what  follows. 

We  have  the  expression  for  an  annuity-certain, 


where,  on  the  supposition  made  as  to  the  time  of  failure  of  the 

2  g  2 
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status,  vn  is  the  present  value  of  1  to  be  received  at  the  end  of  the 
year  in  which  the  status  terminates.  To  place  the  life  annuity  on 
the  same  footing  as  the  annuity-certain,  we  must  provide  for  1  to 
be  received  at  the  end  of  the  year  of  death — that  is,  we  must  treat 
of  the  annuity  v(l+a%),  an  annuity  payable  at  the  end  of  each 
year,  if  the  life  was  in  being  at  the  commencement  of  the  year. 
Suitably  modifying  the  usual  equation  between  ax  and  A.r,  we 
have  the  expression  for  the  annuity  now  under  consideration, 

~7   v{l+ax)=l--J±  (2) 

which  is  seen  to  be  precisely  similar  in  principle  to  expression  (1), 
Ax  being  the  present  value  of  1  to  be  received  at  the  end  of  the 
year  in  which  the  status  terminates,  thus  corresponding  exactly  to 
vn,  and  the  other  involved  quantities  being  identical.  Since  then 
#n_i[  (which  is  less  its  last  payment)  and  vn  bear  the  same 
relation  to  each  other  as  do  ax  (which  is  r less  its  last 
payment)  and  AX)  it  follows  that  Orchard's  tables  apply  to 
annuities-certain.  Having  given  ojzi\,  we  can  by  inspection  find 
v11,  and  vice  versa. 

Again,  we  have  another  expression  for  the  value  of  an  annuity- 
certain, 

^=-~--    .......  (3) 

 hi 

where  ajj  represents  the  annuity  accumulated,  and  consequently 
1  :  Sn\  the  sinking  fund  per  unit  which  will  replace  the  capital  at  the 
end  of  the  period.  It  should  be  noticed  that  the  payments  of  the 
sinking  fund  take  place  at  the  end  of  each  year,  and  that  the  last 
instalment  falls  due  at  the  end  of  the  year  in  which  the  status 
fails.    The  corresponding  expression  for  a  life  annuity  is 

Once  more  we  see  the  analogy.  Expressions  (3)  and  (4)  have  the 
same  import.  Pa.(l4-i)  is  the  premium  per  unit,  payable  at  the 
end  of  each  year,  including  the  year  in  which  the  status  fails,  to 
replace  the  capital  at  the  end  of  the  period,  and  it  therefore  has  the 
same  operation  as  the  sinking  fund;  and,  as  before,  the  other 
quantities  involved  are  identical. 

We  have  seen  that  a%Zj\  corresponds  to  ax>  and  since  Pa?(]  +  t) 
corresponds  to  1  :s%[,  or      to  v:Sn\,  it  follows  that  it'  Orchard's 
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tables  of  annual  premiums  be  entered  with  fl^TT],  we  shall  obtain 
v  :  Sn  ,  that  is,  the  sinking  fund  payable  at  the  beginning  of  each  year 
to  provide  for  the  return  of  capital  at  the  end  of  n  years.  In  interest 
tables,  where  the  function  appears  at  all,  it  is  usual  to  display  only 
the  sinking  fund  payable  at  the  end  of  the  year,  though  in  practice 
it  is  sometimes  requisite  to  find  the  sinking  fund  payable  at  the 
beginning  of  the  year.  A  reference  to  Orchard's  tables  may  occa- 
sionally involve  less  trouble  than  going  through  the  calculation 
which  would  otherwise  be  necessary. 

The  late  Mr.  Peter  Hardy  showed  (vol.  i,  p.  4  of  part  2)  that 
to  find  the  value  of  an  annuity -certain,  to  pay  the  purchaser  one 
rate  /,  on  his  investment,  and  to  replace  his  capital  at  another  rate, 
i  ,  we  must  in  expression  (3)  calculate  1  :  Sn\  at  % ,  the  accumulative 
rate,  and  for  i  use  the  remunerative  rate.  Similarly,  Mr.  Jellicoe 
has  shown  that  to  find  the  value  of  a  life  annuity  to  pay  certainly 

a  given  rate  of  interest,  we  must  in  the  expression  fr~Tj  take  P# 

as  a  practical  office  premium,  and  d  at  the  rate  of  interest  to  be 
realized.  In  equation  (4)  the  corresponding  alteration  is  to  sub- 
stitute for  Pa:(l+i)  such  a  premium  payable  at  the  end  of  each 
year  as  would  be  charged  by  an  office  willing  to  agre»  to  the 
condition,  and  for  i  the  rate  of  interest  to  be  realized.  Therefore, 
as  regards  practical  transactions  also,  expressions  (3)  and  (4)  are 
proved  to  be  exactly  parallel. 

Mr.  Makeham,  in  his  masterly  paper  on  the  "Theory  of 
Annuities-Certain "  (vol.  xiv,  p.  189),  gives  some  formulas  of  per- 
fectly general  application.  He  shows  that  if  there  be  an  annuity 
for  n  years  the  successive  payments  of  which  are  u-\9  uoy  u^,  .  .  .  un, 
its  present  value  is 

1  2 

where  the  symbols  Yn,  Vn,  &c,  represent  the  values  of  annuities 
of  the  1st  order,  2nd  order,  &c.  By  the  law  which  connects  the 
different  orders  of  annuities,  every  payment  of  an  annuity  of  one 
order  is  the  difference  of  the  corresponding  payment  of  the  next 
higher  order :  and  from  this  it  follows  that  in  any  order,  say  the 
tih,  all  the  payments  up  to  and  including  the  (t  —  l)th  are  equal 
to  0  ;  the  tih  payment  is  unity ;  and  the  succeeding  payments  are 
formed  by  adding  continuously  the  successive  payments  of  the 
(t  —  l)th  order.  When  the  same  principles  are  applied  to  life 
contingency  tables,  we  find  that  the  annuity  of  the  1st  order  is 
represented  by  Nj?  or  M^,  according  as  annuities  or  assurances 
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are  in  question :  that  an  annuity  of  the  2nd  order  can  be  denoted 
by  S^+j  or  Hx+i  as  the  case  may  be;  an  annuity  of  the  3rd  order 
by  28*+ 2  or  SR. i-+2j>  where  2  means  the  sum  of  the  values  of  S  or 
R  from  that  at  age  x  +  2  to  the  greatest  age ;  and  so  on.  For  the 
value  of  a  life  annuity  the  successive  payments  of  which  are 
u\  ,  ii9,  Us,  &cv  we  have  therefore  the  simple  expression, 

Value  =  ^N^  +  A^iS^+i  +  A2^Sr42+  &c. 

The  above  formula  furnishes  a  clue  to  guide  in  the  solution  of 
complex  problems.    Take,  for  instance,  the  following  : — 

An  assurance  is  granted  on  the  life  of  (x)  for  100  the  first 
year,  101  the  second  year,  104  the  third  year,  &c,  and  generally 
for  {100+  (ft  — l)2}  should  death  occur  in  the  rath  year.  The 
annual  premium  is  always  to  bear  to  the  sum  assured  the  ratio  k. 
Find  k. 

In  the  above  question  ^  =  100,  Awi  =  l,  A2Ui  =  2,  and  A%i  =  0. 
Applying  the  formula,  we  have 

Benefit  side    =  100M^+R*+i+2SR*+2. 

Payment  side  =  ^(lOON^j  +  S*  +  2£S.r+1) . 

100Mg  +  RJ?+1  +  22Ba?+a 
100N^,_1  +  S^+2SS^+1  ' 

By  viewing  Mr.  Makeham's  successive  orders  of  annuities  as 
the  equivalents  of  the  commutation  columns,  the  extended  scope  of 
his  paper  receives  illustration.  The  simplicity  secured  for  life  con- 
tingencies by  means  of  the  columnar  method  is  at  once  reflected 
back  on  questions  relating  to  fixed  terms  of  years,  as  in  the 
following  example  : — 

A  sum  receivable  at  the  end  of  n  years  is  to  be  bought  by  an 
annual  premium,  the  first  payment,  tt,  to  be  made  now,  and  after- 
wards at  the  beginning  of  each  year  a  regularly  diminishing 
amount ;  the  last  premium  being  paid  at  the  beginning  of  the  ftth 
year,  after  which  the  premium  becomes  extinct.    Find  tt. 

If  a  life  contingency  were  involved,  Ave  should  have 

7r=   1  , 

N.t._]  —  S,. 

\n  n  I* 

where     N*_i=cN*_i—  N*+„_i  and     S.t.=  S.t.—  S.r  +  //  —  //Na.+W_i . 

|rt  In 

Remembering  now  that  V  corresponds  to  N.r,  and  consequently 
i 

(1  +i)Yn  to  Na?_i,  we  have,  for  the  value  of  7r, 


Whence  k 
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7r=   . 

(l+i)(vn-±Yn) 

In  cases  where  life  is  involved,  the  columns  N,  S,  SS,  &c, 
vary  somewhat  in  meaning  according  as  the  transaction  is  to  extend 
over  the  whole  of  life  or  to  be  confined  to  a  limited  number  of 
years ;  but  with  Mr.  Makeham's  annuities  this  difficulty  is  not 

1  2 

encountered.  In  Yn}  Vn>  &c,  all  payments  cease  after  the  nth. 
In  Nr,  Sa?j  &c,  the  payments  are  naturally  extinguished  at  the 
end  of  life,  but  if  only  a  limited  term  of  years  be  in  question,  the 
same  result  must  be  attained  by  assigning  to  the  symbols  suitable 
values. 


What  to  do  with  Insolvent  Life  Companies. 

The  following  Article  from  the  Spectator  of  New  York  may  be 
compared  with  Mr.  Sprague's  paper  On  the  Liquidation  and  Re- 
construction of  an  Insolvent  Life  Insurance  Company,  vol.  xvi, 
p.  229,  and  with  Mr.  D.  Pitcaim's  letter  On  the  Liquidation  of  an 
Insolvent  Life  Office,  vol.  xv,  p.  385.  Our  readers  will  no  doubt 
be  much  interested  to  learn  that  the  legislature  of  the  State  of 
New  York  has  recognized  the  principle  of  paying  the  policyholders 
of  an  insolvent  insurance  company  their  dividend  in  the  shape  of 
insurance  instead  of  cash. 

The  legislature  of  the  State  of  New  York  did  a  good  many  foolish 
things  last  winter,  as  the  readers  of  the  Spectator  have  been  duly 
informed ;  but  it  did  one  exceedingly  good  thing.  It  j>assed  a  law  the 
provisions  of  which  should  be  made  available  in  the  interests  of 
policyholders  in  insolvent  life  insurance  companies. 

The  winding  up  of  a  company  by  distributing  its  assets  among 
policyholders  on  the  basis  of  the  reserve  on  their  policies,  is  manifestly 
and  indisputably  the  most  disadvantageous  thing  that  can  be  done 
for  policyholders.  All  the  assets  must  be  converted  into  cash,  and 
this  process  at  any  time,  and  more  especially  at  this  time,  when  prices 
are  depressed  and  real  values  are  uncertain — rather  because  real  values 
are  not  present  market  values — is  necessarily  a  slow  process,  and  one 
which  must  result  in  very  great  sacrifice.  This  alone  would  be  a 
sufficient  reason  for  adopting  some  other  plan  of  settling  the  affairs 
of  an  insolvent  insurance  company.  But  there  is  another,  and  from 
some  points  of  view  a  much  stronger  reason,  why  such  a  distribution 
of  assets  is  undesirable  and  inequitable  to  policyholders.  The  policy- 
holders have  paid  for  insurance  and  should  receive  insurance  for  their 
payments.  Many  of  the  lives  have  become  impaired,  and  could  not 
obtain  insurance  at  any  price;  but  in  the  mass  of  risks  carried  by  the 
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company  in  which  they  were  insured  before  they  were  impaired,  they 
will  not  increase  the  average  mortality  to  the  injury  of  the  company. 
Provision  has  been  made  for  just  the  impairment  that  has  taken  place 
in  their  lives,  and  the  company  can  afford  to  carry  them  if  it  have  the 
lives  taken  at  the  same  time  and  previously,  which  have  not  become 
impaired. 

But  whatever  are  the  facts  in  this  regard,  there  can  be  no  question 
of  the  hardship  of  giving  policyholders  their  share  of  the  assets  of  the 
company,  as  ascertained  by  the  reserve  on  their  respective  policies. 
It  is  to  give  them  a  mere  pittance,  and  at  the  end  of  a  long  period. 
What  then  shall  be  done  ?  The  law  alluded  to  provides  a  method  of 
meting  out  exact  justice  to  all  the  policyholders,  as  far  as  the  assets 
of  the  company  admit  of  justice  to  them,  and  of  giving  them  just 
what  they  have  paid  their  money  for,  and  that  is  insurance  payable 
at  a  specified  time  or  on  the  death  of  the  insured.  And  this  is  what 
should  be  done.    The  following  is  the  law  in  full : — 

"  Section  1. — No  life  insurance  company  organized  under  the  laws 
of  this  State,  shall  insure  any  of  its  outstanding  risks  or  policy  obli- 
gations in  any  other  life  insurance  company  except  as  hereinafter 
provided. 

"  Section  2. — Any  life  insurance  company,  organized  under  the 
laws  of  this  State,  is  hereby  authorized  and  empowered  to  reinsure  the 
whole  or  any  part  of  any  policy  obligation  in  any  other  company  or 
companies,  provided  the  written  consent  of  the  owner  of  such  policy 
so  reinsured  shall  first  be  obtained  to  such  reinsurance. 

"  Section  3. — It  shall  be  lawful  for  any  receiver  of  any  life  insurance 
company  organized  under  the  laws  of  this  State,  to  reinsure  upon  the 
written  consent  of  the  superintendent  of  the  insurance  department 
and  the  attorney-general,  the  whole  of  the  policy  obligations  of  such 
company,  in  any  solvent  company  or  companies,  organized  under  the 
laws  of  this  State,  whenever  the  assets  of  the  company  of  which  he  is 
receiver  are  sufficient  to  effect  such  reinsurance  ;  and  whenever  such 
assets  are  not  sufficient  to  effect  such  reinsurance,  such  receiver,  upon 
the  like  consent  as  above  provided,  may  reinsure  a  percentage  of  each 
and  every  policy  obligation  outstanding  in  such  company  to  the  extent 
that  the  assets  of  such  company  may  be  sufficient  to  effect  such 
reinsurance,  provided,  however,  that  no  contract  effecting  such  rein- 
surance shall  be  entered  into  except  in  pursuance  of  an  order  of  the 
court  in  which  such  receiver  was  appointed,  directing  reinsurances 
authorized  by  this  section,  and  establishing  the  general  form  of  the 
contract  to  effect  the  same." 

We  repeat  this  is  what  should  be  done  with  all  the  insolvent 
companies  now  in  the  hands  of  receivers,  or  which  may  hereafter  go 
into  the  hands  of  receivers.  Here  is  plain  smooth  sailing.  No 
litigation,  no  unnecessary  expense,  no  hardship  towards  policyholders, 
except  that  they  will  have  a  less  amount  of  insurance  hereafter,  but 
they  will  at  the  same  time  pay  proportionately  less  premium.  Thus 
their  loss  will  be  confined  to  the  sum  they  have  hitherto  paid  for  insurance 
beyond  this  time  in  excess  of  the  amount  for  which  their  policies  are 
continued.  And  this  is  a  very  trifling  loss  compared  with  the  loss 
inflicted  upon  them  by  any  other  method  of  closing  up  a  company. 
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We  can  conceive  of  no  objection  to  this  plan  of  reinsurance — in 
whole,  if  practicable,  pro  rata,  if  necessary, — unless  such  objection 
come  from  the  receivers,  who  would  thus  be  deprived  of  long- continued 
occupation,  more  or  less  lucrative.  And  if  we  can  judge  by  the  vast 
number  of  applicants  for  every  such  position,  the  employment  must 
be  lucrative,  or  very  desirable  for  some  other  reason ;  but  we  are  not 
solicitous  for  the  interests  of  receivers.  Certainly  the  policyholders 
would  be  benefited  by  such  reinsurance,  and  we  hope  that  that  plan 
will  be  adopted  with  all  the  companies  now  in  the  hands  of  receivers. 


Life  Insurance  Acts  of  the  Colonies  of  Tasmania,  New  Zealand, 

and  Canada, 

We  are  indebted  to  Mr.  Jas.  Valentine,  of  the  Northern 
Insurance  Company,  for  the  following  account  of  the  Life  Insurance 
Acts  passed  in  recent  years  by  the  Colonies  of  Tasmania,  New 
Zealand,  and  Canada. — Ed.  J. I. A, 

Tasmania. 

ThE  Tasmania  Act  was  passed  on  18  September  1874,  and  is 
substantially  the  same  as  that  of  the  neighbouring  colony  of 
Victoria,  which  is  reprinted  in  the  Journal  for  October  1876.  The 
following  are  the  only  points  of  difference  of  any  importance. 

§  19.  British  companies  are  allowed,  in  lieu  of  the  abstract  ot 
the  Actuary's  report  made  in  the  form  prescribed  by  the  Act,  which 
is  identical  with  that  laid  down  in  the  8th  schedule  to  the  Victoria 
Act,  to  deposit  a  copy  of  the  last  preceding  abstract  of  the  same 
nature  furnished  to  the  Board  of  Trade  in  accordance  with  the  5th 
schedule  to  the  British  Act,  whereby  the  necessity  of  making  a 
separate  valuation  of  the  business  done  in  the  colony  is  avoided. 
It  may  not  be  uninteresting  to  mention  that  a  like  provision  was 
inserted  in  a  Bill  to  amend  the  Victoria  Act,  which  was  brought 
under  the  consideration  of  the  Legislature  of  that  colony  in 
December  1874,  but  failed  to  become  law,  in  consequence  of  a 
change  of  Government  taking  place  soon  after,  and  more  pressing 
questions  coming  to  the  front. 

§  36.  The  rules  for  the  valuation  of  life  policies  and  annuities 
(see  the  10th  schedule  to  the  Victoria  Act)  are  made  applicable 
in  Tasmania  only  to  companies  which  are  being  wound  up.  Their 
extension  in  Victoria  by  section  35  of  the  Act  to  cases  "where 
application  is  being  made  to  the  Court  to  wind  up  a  company  " 
establishes  a  legal  standard  of  solvency  in  that  colony  ;  but  it  seems 
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as  if  this  was  not  originally  intended ;  for  section  32,  which  deals 
specially  with  the  conditions  under  which  companies  may  be 
ordered  to  be  wound  up,  merely  provides  that  in  determining 
whether  the  company  is  insolvent  the  Court  shall  take  into  account 
the  contingent  liability  under  policies,  just  as  the  British  Act 
provides.  In  the  amending  Bill  of  which  we  have  spoken,  it  was 
proposed  to  make  the  same  restriction  of  these  rules  as  in  the 
Tasmania  Act. 

§  38.  The  section  protecting  the  interest  of  the  assured  in  life 
policies  in  certain  cases  to  the  extent  of  £1000  against  creditors, 
contains  an  explanation,  not  in  the  Victoria  Act,  to  the  effect  that 
where  any  policy  so  protected  exceeds  £1000,  the  trustee  of  the 
estate  of  the  bankrupt  may  require  the  company  to  cancel  the 
same,  and  to  issue  substituted  policies  of  equal  standing  and 
aggregate  amount ;  one  of  these  to  be  for  £1000  in  favour  of  the 
bankrupt  or  whom  he  may  appoint,  and  the  other  or  others  in 
favour  of  the  trustee ;  and  in  case  the  company  refuses  or  neglects 
to  issue  such  new  policies,  the  trustee  may,  after  the  expiration  of 
one  month,  dispose  of  the  original  policy,  but  must  pay  to  the 
bankrupt  a  rateable  proportion  of  the  proceeds,  or,  in  other  words, 
the  sum  which  represents  the  surrender  value  of  a  policy  for  £1000 
of  equal  standing. 

Sched.  7.  The  schedule  corresponding  to  the  7th  schedule  in 
the  Victoria  Act  requires  only  the  number  and  amounts  of  Life, 
Endowment,  and  Annuity  policies  to  be  stated,  without  calling 
for  similar  particulars  in  respect  of  Fire,  Marine,  and  other 
policies.  Here,  again,  the  amending  Bill  proposed  the  same 
limitation  in  Victoria. 

New  Zealand. 

The  New  Zealand  Act,  which  was  passed  on  15  September  1873, 
differs  considerably  from  those  of  Victoria  and  Tasmania,  and  is  in 
several  respects  very  stringent.  It  may  indeed  be  said  that,  if  the 
framers  of  the  measure  aimed  at  making  the  carrying  on  of  life 
business  almost  prohibitory  to  foreign  companies,  they  have  pro- 
duced an  Act  well  fitted  to  secure  their  object. 

§§  21  to  24.  The  provisions  relating  to  the  furnishing  of 
Accounts  and  Statements  seem  to  be  based  upon  the  British  Act, 
the  schedules  being  the  same  in  number  and  character.  The 
only  differences  worth  pointing  out  are : — that  new  and  renewal 
premiums  are  kept  distinct;  that  the  corresponding  commissions 
are  also  distinct ;  that  certain  details  are  required  of  the  charges 


1878.]  Tasmania,  New  Zealand,  and  Canada.  443 

of  management,  viz.,  agents'  travelling  expenses,  medical  fees, 
salaries  of  officials,  and  advertising;  that  outstanding  claims  are 
divided  into — claims  admitted  but  not  paid,  claims  in  process  of 
adjustment  or  adjusted  and  not  due,  claims  resisted  by  the  com- 
pany; and  that  the  amount  of  annuities  due  and  unpaid  is  required. 
A  separate  valuation  of  the  New  Zealand  policies  is  not  asked  for. 

Every  company  carrying  on  business  is  required  (§4)  to  deposit 
at  once  £5,000,  and  to  increase  the  deposit  up  to  £20,000,  by 
paying  annually  the  amount  of  premiums  received  on  New  Zealand 
policies,  whether  issued  before  or  after  the  commencement  of  the 
Act,  less  a  deduction  of  25  per-cent  therefrom  and  of  the  net  amount 
of  claims  actually  paid  in  respect  of  such  policies.  A  company  may 
also  make  voluntary  deposits  (§  5)  of  any  further  amounts  it  thinks 
fit.  It  is  not  provided  that  the  deposits  are  to  be  returned  when 
the  accumulated  funds  out  of  premiums  amount  to  a  specified  sum, 
as  in  the  British  Act  and  in  those  of  the  neighbouring  colonies. 
On  the  contrary,  the  monies  are  to  remain  while  there  are  any 
liabilities  under  the  policies.  As  may  be  inferred,  the  conditions 
under  which  deposits  may  be  withdrawn  are  very  severe.  In  the 
case  of  a  voluntary  deposit,  before  the  same  can  be  withdrawn,  in 
whole  or  in  part,  it  is  necessary,  (§  17)  : 

(1)  to  give  6  months'  notice  in  writing. 

(2)  to  satisfy  an  official  called  the  Public  Trustee  that,  after 
the  proposed  withdrawal  has  been  made,  the  remainder 
of  the  securities  left  in  deposit  will  be  equal  in  value  to 
the  amount  of  the  monies  assured  by  current  policies. 

In  the  case  of  a  compulsory  deposit  (§  18),  the  above  conditions 
must  be  complied  with,  and,  in  addition,  the  Public  Trustee  must 
be  satisfied  that,  from  the  time  of  giving  the  6  months'  notice,  the 
company  has  ceased  to  issue  new  policies.  It  may  be  thought 
that  the  Act  would  have  gone  far  enough  had  it  required  the 
Public  Trustee  to  keep  in  hand  so  much  of  the  deposit  as  would 
cover  the  value  of  the  liabilities  under  current  policies,  but  the 
words  seem  plainly  to  forbid  any  withdrawal  unless  what  is  left 
covers  the  sums  assured  themselves.  The  Public  Trustee  is  required 
to  publish  every  notice  of  withdrawal,  and  also  his  decision,  at  the 
cost  of  the  company,  in  such  manner  as  he  thinks  fit.  §  19.  A 
company,  after  notice  given  of  withdrawal  of  compulsory  deposit, 
cannot  recommence  to  carry  on  the  business  until  it  has  again 
made  the  deposit  required  in  the  first  instance;  and  such  new 
deposit  is  in  that  case  to  be  treated  apart  from  any  securities  of  the 
original  deposit  remaining  in  the  hands  of  the  Public  Trustee. 
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§  9,  &c,  Deposits  are  to  be  held  in  trust  for  policyholders,  in 
respect  of  contracts  entered  into  either  before  or  after  the  com- 
mencement of  the  Act,  but  only  of  such  of  them  as  are  registered. 
This  requirement  of  registration  is  a  novel  feature,  which  we  do 
not  remember  to  have  come  across  before.  Policies  issued  before 
the  commencement  of  the  Act  must  be  registered  within  12  months 
after  such  commencement ;  and  policies  issued  after  the  commence- 
ment, within  6  months  from  their  date.  The  registration  is  to  take 
place  with  the  Public  Trustee,  and  the  policyholder  is  required  to 
pay  a  fee  of  five  shillings  to  this  functionary,  who  is  empowered 
to  appoint  persons  in  such  places  as  he  thinks  fit  to  receive  policies 
from  the  assured  for  transmission  to  him  for  registration. 

§  15.  The  Public  Trustee  must  prepare  a  report  annually,  or 
at  shorter  intervals,  if  required,  of  each  company  which  has  made  a 
deposit,  showing  the  nature  and  value  of  the  securities  deposited, 
and  such  particulars  of  each  policy  for  which  the  deposit  is  held,  as 
will  enable  the  present  value  of  the  policy  to  be  computed. 

§  28.  Printed  copies  of  the  various  returns  must  be  forwarded 
by  the  company,  on  application,  to  every  shareholder  and  policy- 
holder, the  Act  in  this  respect  following  the  British  one,  and 
differing  from  those  of  Victoria  and  Tasmania,  which  enjoin  the 
company  to  forward  copies  whether  applied  for  or  not. 

The  Act  does  not  contain  any  clauses  for  the  regulation  of 
amalgamations  or  transfers  of  business  from  one  office  to  another. 
It  provides,  however  (§  35),  for  companies  being  ordered  to  be  wound 
up,  upon  its  being  proved  to  the  satisfaction  of  the  Court  that  the 
funds,  with  such  further  capital  as  can  be  realized,  are  not  equal 
to  the  liabilities,  the  latter  including  the  net  value  of  its  policies 
according  to  the  17  Offices'  table  ("  Combined  Experience  or 
Actuaries  rate  of  mortality"),  with  4  per-cent  interest.  This 
estimate  of  the  contingent  liabilities  is,  of  course,  excessive.  It  is 
provided  in  the  British  Act  of  1872  that  values  of  policies  by  the 
same  data  are  to  be  taken  as  the  measure  according  to  which 
policyholders  are  to  rank  upon  the  estate  of  a  company  actually 
being  wound  up,  and  in  the  Tasmania  Act  there  is  a  provision 
to  the  same  effect,  but  in  neither  of  these  Acts  is  there  any  direct 
provision  as  to  the  legal  standard  of  solvency.  The  Victoria  Act, 
on  the  other  hand,  as  already  mentioned,  does  prescribe  such  a 
standard.  However  actuaries  may  differ  if  asked  to  lay  down  a 
standard  of  solvency,  they  will  probably  all  agree  that,  in  the 
ease  of  any  ordinary  company  which  has  charged  average  rates 
of  premium,  solvency  is  quite  compatible  with  a  much  smaller 
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reserve  than  would  be  required  by  a  net  valuation  according*  to 
the  17  Offices'  Experience  4  per-cent  table. 

There  are  special  provisions  relating  to  foreign  companies — 
that  is,  to  all  other  than  New  Zealand  companies.  Every  such 
company  must  (§  40),  in  writing,  appoint  a  person  resident  in  New 
Zealand  as  General  Agent,  upon  whom  all  lawful  processes  against 
the  company  may  be  served,  and  it  must  (§  41)  be  stated  in  all 
policies  that  the  company  will  abide  by  decisions  of  the  Supreme 
Court  of  New  Zealand.  Policies  issued  by  a  foreign  company  with- 
out complying  with  the  provisions  of  this  part  of  the  Act  are  to  be 
valid  (§  43)  ;  but  the  Agent  through  whom  they  are  negotiated  is 
to  be  liable  to  a  penalty  not  exceeding  £250  for  each  offence ;  and 
any  company  which  neglects  to  appoint  and  to  keep  appointed  a 
General  Agent  is  not  to  be  able  to  recover  premiums  on  policies,— 
which  inability,  by  itself,  as  it  seems  to  us,  would  not  be  a  heavy 
punishment,  since  the  policies,  in  the  event  of  the  premiums  not 
being  paid,  would  lapse ;  and  we  are  not  aware  that  any  companies 
claim  the  right  of  enforcing  the  payment  of  premiums  against 
unwilling  policyholders. 

There  are  also  special  clauses  for  the  protection  of  life  policies 
(§  46).  The  interest  of  every  person  who  effects  a  policy  bond 
fide  upon  the  life  of  himself,  or  for  any  future  endowment  of  his 
wife  or  any  child,  or  for  an  annuity  for  his  wife  or  any  child,  and 
the  interest  of  the  personal  representative  of  such  wife  or  child, 
are  made  exempt  from  the  claims  of  creditors,  subject  to  certain 
restrictions.  In  the  case  of  a  policy  for  an  ordinary  assurance  or 
for  an  endowment,  the  exemption  commences  after  two  years, 
when  the  assurance  is  free  to  the  extent  of  £200.  After  5  years 
the  exemption  extends  to  £500,  after  7  years  to  £1000,  and  after 
10  years  to  £2000.  The  protection,  in  respect  of  a  policy  for  an 
endowment,  is  to  be  for  the  benefit  only  of  the  nominee ;  and  in 
respect  of  an  ordinary  life  assurance,  for  the  benefit  only  of  the 
personal  representative  of  the  assured;  not  in  any  case  for  an 
assignee  of  the  assured.  In  the  case  of  a  life  assurance,  if  the 
assured  can  by  the  terms  of  the  policy  surrender  the  same,  and 
avails  himself  accordingly,  the  surrender  value  is  not  to  be  pro- 
tected. A  policy  for  an  annuity  is  only  protected  (1)  after  6  years, 
(2)  if  the  annuity  does  not  exceed  £100,  (3)  for  the  benefit  of 
the  actual  annuitant,  and  (4)  to  such  part  as  is  payable  after  the 
annuitant  attains  the  age  of  50. 

§  47.  Married  women  are  allowed  to  effect  policies,  and  the 
same,  if  expressed  to  be  made  for  their  separate  use,  are  to  be  free 
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from  the  debts  or  control  of  their  husbands,  subject,  however,  so 
far  as  such  debts  are  concerned,  to  restrictions  as  to  durations  and 
amounts  similar  to  those  which  have  been  specified  as  limiting  the 
protection  of  policies  effected  by  the  husbands  themselves. 

§  48.  A  policy  for  a  life  assurance  not  exceeding  £2000  effected 
by  a  man  for  the  whole  term  of  his  own  life  for  the  benefit  of  his  wife, 
or  of  his  wife  and  children,  or  of  his  children  only,  is  to  be  deemed 
a  trust  for  the  benefit  of  wife  or  children,  according  to  the  interest 
so  expressed,  and  free  from  the  claims  of  creditors  so  long  as  any 
object  of  the  trust  remains.  But  it  is  provided  that  the  payment 
of  the  premium  shall  be  spread  over  at  least  seven  years  of  the 
husband's  lifetime  by  equal  annual,  half-yearly,  or  quarterly  pay- 
ments. In  the  case  of  a  life  assurance,  which  by  the  terms  of  the 
policy  can  be  surrendered,  and  is  surrendered,  the  surrender  value 
is  not  to  be  paid  to  the  assured,  but  retained  by  the  company  as 
payment  for  a  paid-up  policy  of  an  equivalent  amount,  to  be  issued 
in  terms  of  the  original  policy,  and  such  paid-up  policy  is  to  be 
free  from  creditors. 

The  only  approach  in  England  to  the  protection  of  life  policies 
from  creditors  afforded  by  this  Act  lies  in  the  provisions  of  the 
Married  Women's  Property  Act.  This  Act,  however,  being  pri- 
marily for  the  benefit  of  married  women,  does  not  protect  any 
policy  unless  a  wife  is  benefited  by  it — at  all  events,  to  a  nominal 
extent.  Policies  intended  for  the  exclusive  benefit  of  children, 
whether  of  married  men  or  widowers,  do  not  fall  within  its  scope, 
nor,  of  course,  assurances  for  the  benefit  of  the  assured  themselves. 
The  New  Zealand  Act,  however,  as  we  have  shown,  goes  much 
further,  and  grants  a  very  wide  protection  to  policies. 

Canada. 

The  Canada  Act  was  passed  on  28th  April  last,  "  to  amend  and 
consolidate  certain  Acts  respecting  Insurance"  previously  in  force. 

§§2  and  3.  To  be  able  to  transact  Life  Insurance  business  in 
Canada,  a  company  must  obtain  a  licence,  which  expires  on  31st 
March  in  each  year,  but  is  renewable  from  year  to  year. 

§5.  Before  a  licence -can  be  got,  it  is  necessary  to  deposit 
$50,000  (say,  £10,000)  with  the  Receiver-General,  which  may  be 
in  Canadian  Government  securities;  or,  in  the  case  of  a  British 
company,  in  securities  of  the  United  Kingdom ;  or,  in  the  case  of 
any  United  States  company,  in  securities  of  the  United  States. 
Other  securities  may  also  be  accepted,  on  such  terms  as  the 
Treasury  Board  thinks  fit.    §  9.  It  is  likewise  necessary  to  file  a 
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copy  of  the  company's  Charter,  Act  of  Incorporation,  or  Articles 
of  Association,  a  power  of  attorney  to  its  Agent  in  Canada,  in 
which  provision  ninst  be  made  for  service  of  process  in  legal 
proceedings,  and  a  statement  of  the  condition  of  the  company  at 
the  usual  balancing  day  next  preceding.  §  13.  Any  person  acting 
as  agent  of  a  company  which  has  no  licence  is  subject  to  a  penalty 
of  $1,000  (say,  £200)  for  each  offence,  and,  in  default  of  payment, 
is  liable  to  imprisonment  for  a  period  not  exceeding  six  months. 

§  6.  A  company  has  the  option  of  making  further  deposits,  to 
be  held  subject  to  the  same  conditions  as  the  original  deposit. 

§  7.  If  it  appear  at  any  time,  from  an  examination  of  the 
affairs  of  a  company,  that  its  liabilities  in  Canada  (including  values 
of  policies)  exceed  its  assets  there,  the  company  must  make  good 
the  deficiency  within  60  days,  or  the  licence  will  be  withdrawn. 
This  being  the  case,  it  is  necessary  for  foreign  companies,  as  soon 
as  the  growth  of  their  business  requires  it,  besides  making  the 
deposits  which  have  been  mentioned,  to  keep  other  monies  in 
Canada,  of  sufficient  amount,  with  them,  to  meet  the  total  liabilities 
in  that  country.  Those  other  monies  must  be  vested  in  two  or 
more  trustees  resident  in  Canada,  who  are  to  be  appointed  by  the 
company,  but  must  be  approved  by  the  Minister  of  Finance,  by 
whom  also  the  trust-deed  must  be  approved;  and  the  trustees 
may  deal  with  the  monies  in  any  way  provided  by  the  deed  of 
trust,  so  long  as  the  value  held  by  them  does  not,  along  with  the 
deposit  in  the  hands  of  the  Receiver- General,  fall  below  the  total 
amount  of  the  liabilities.  There  is  a  proviso,  however,  whereby,  in 
the  case  of  any  company  which  gives  notice  before  31st  March 
1878  of  its  intention  to  avail  itself  of  the  same,  policies  issued 
before  that  date  will  be  exempt  from  the  above  requirement ;  and 
in  that  case  the  deposit  in  the  hands  of  the  Receiver- General 
before  the  passing  of  this  Act  is  to  be  dealt  with  in  regard  to 
these  policies  as  if  the  Act  had  not  been  passed.  The  object  of 
the  proviso — and  it  seems  a  reasonable  one — is  evidently  to  save 
companies  which  have  already  liabilities  under  Canadian  policies 
in  excess  of  their  deposit  from  the  necessity  of  making  an  additional 
deposit  at  once  in  respect  of  these  policies.  Under  previous  Acts, 
it  may  be  explained,  there  was  no  provision  for  vesting  funds  in 
trustees,  nor  was  a  company  bound  to  keep  monies  in  Canada  equi- 
valent to  the  total  liabilities  there;  but,  in  addition  to  the  deposit 
of  £10,000  required  before  commencing  business,  it  was  com- 
pulsory upon  companies  to  hand  over  annually  what  was  practically 
the  excess  of  income  over  expenditure,  until  the  deposit  in  the 
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hands  of  the  Receiver- General  reached  the  sum  of  £20,000.  The 
temporary  position  of  a  company  availing  itself  of  the  proviso  will 
be,  that  its  deposit  will  be  held  to  be  answerable,  as  far  as  it  goes, 
for  the  liabilities  under  policies  issued  before  31st  March  1878, 
while  funds  will  have  to  be  placed  in  the  hands  of  the  trustees  to 
meet  the  values  of  the  policies  effected  after  that  date.  From  time 
to  time,  as  the  liability  under  the  older  policies  falls  below  the 
amount  of  the  deposit,  the  Minister  of  Finance  is  empowered  to 
hand  over  the  excess  to  the  company,  until  the  deposit  is  reduced 
to  the  sum  of  £10,000  required  by  this  Act,  at  which  figure  it 
must  remain  with  the  Receiver- General,  and  the  company  will 
then  be  in  the  normal  position  contemplated  by  the  Act,  and 
required  to  keep  sufficient  monies  in  all  in  Canada  to  meet  the 
liabilities  under  the  whole  of  its  policies  there. 

§  17.  A  company  licensed  under  any  former  Act,  which  ceases 
business  before  the  time  fixed  for  the  first  renewal  of  its  licence 
under  this  Act  (which  we  take  to  be  31st  March  next),  may  collect 
renewal  premiums,  and  otherwise  wind  up  its  affairs,  as  if  this  Act 
had  not  been  passed. 

§  20.  Every  company  must  furnish  annually  statements  of  its 
condition,  showing  its  assets  and  liabilities,  and  its  income  and 
expenditure  during  the  previous  year,  and  such  other  information 
as  may  be  deemed  necessary  by  the  Minister  of  Finance.  As  the 
forms  in  which  these  returns  are  to  be  made  are  quite  different  from 
those  to  which  we  are  accustomed  in  England,  or  from  those  in  the 
Australasian  Acts,  we  reprint  them  here  in  full.  §21.  So  far  as 
foreign  companies  are  concerned,  particulars  only  of  their  Canadian 
business  have  to  be  given  in  these  forms,  the  particulars  of  the 
remainder  of  the  business  being  accepted  in  the  forms  prescribed 
by  the  laws  of  the  country  in  which  the  head  office  of  the  company 
is  situate. 

SCHEDULE  (A). 
Details  or  Yearly  Statements  required  by  §  20. 

"  A  list  of  the  stockholders,  with  the  amount  subscribed  for,  the 
amount  paid  thereon,  and  the  residence  of  each  stockholder. 

"  Property  or  Assets  held  by  the  company,  specifying  Assets  as  per 

Ledger  Accounts. 

"  The  value  (as  nearly  as  may  be)  of  the  real  estate  held  by  the 
company. 

"  The  amount  secured  by  way  of  loan  on  real  estate,  whether  by 
mortgages,  bonds,  or  any  other  security,  distinguishing  between  those 
having  first  or  second  lien  on  such  real  estate. 
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"  The  amount  of  loans  secured  by  bonds  or  stocks,  or  other 
collaterals. 

"  The  amount  of  loans  as  above  on  which  interest  has  not  been  paid 
within  one  year  previous  to  such  statement,  with  a  schedule  thereof. 

"  The  amount  of  loans  made  in  cash  to  policyholders  on  the 
company's  policies  assigned  as  collaterals. 

"  Premium-notes,  loans,  or  liens,  on  policies  in  force,  the  reserve 
on  each  policy  being  in  excess  of  all  indebtedness  thereon. 

"  Par  and  market  values  of  Canadian  and  other  stocks  and  securities 
owned  by  the  company,  specifying  in  detail  the  amount,  number  of 
shares,  and  the  par  and  market  value  of  each  kind. 

,;  Amount  of  cash  at  head  office. 

,:  Amount  of  cash  in  banks,  with  details, 

"  Hills  receivable. 

"  Agents'  ledger  balances. 

"  Other  Assets. 
"  Interest  due  and  accrued. 
st  Eents  due  and  accrued. 

"  Due  from  other  companies  for  losses  or  claims  on  policies  of  the 
company,  reinsured. 

"  Net  amount  of  uncollected  and  deferred  premiums. 
"  Commuted  commissions. 

"  All  other  property  owned  by  the  company,  with  details, 

';  Liabilities. 

"  Net  present  value  of  all  outstanding  policies  in  force,  with  mode 
of  computation  or  estimation,  deducting  those  reinsured. 

"  Premium  obligations  in  excess  of  net  values  of  their  policies. 

"  Claims  for  death  losses  and  matured  endowments,  and  annuity 
claims,  due  and  unpaid,  or  in  process  of  adjustment,  or  adjusted  but 
not  due,  or  resisted. 

"  Dividends  to  stockholders,  and  dividends  of  surplus  or  other 
profits  to  policyholders,  due  and  unpaid. 

M  Amount  due  on  account  of  office  expenses. 

"  Amount  of  loans. 

"  Amount  of  all  other  claims  against  the  company. 

"  Income. 

"  Amount  of  cash  premiums  received,  less  reinsurance.  Premium  - 
notes,  loans,  or  liens,  taken  in  part-payment  for  premiums  ;  and  pre- 
miums paid  by  dividends,  including  reconverted  additions,  and  by 
surrendered  policies. 

"  Cash  received  for  annuities. 

"  Amount  of  interest  received. 

u  Amount  received  for  rents. 

"  Net  amount  received  for  profits  on  bonds,  stocks,  and  other 
property  actually  sold. 

"  All  other  income  in  detail. 
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«  Premium-Note  Account. 

"  Premium-notes,  loans,  or  liens,  on  hand  at  date  of  last  previous 
statement. 

"  Additions  and  deductions  in  detail  during  the  year. 
"  Balance,  note-assets  at  date. 

"  Expenditure. 

"  Total  amount  actually  paid  for  losses  and  matured  endowments. 
"  Cash  paid  to  annuitants  and  for  surrendered  policies. 
"  Premium -notes,  loans,  or  liens,  used  in  purchase  of  surrendered 
policies. 

"  The  same  voided  by  lapse. 

"  Cash  surrender  values,  including  reconverted  additions  applied 
in  payment  of  premiums. 

"  Dividends  paid  to  policyholders,  or  applied  in  payment  of 
premiums. 

"  Premium-notes,  loans,  or  liens,  used  in  payment  of  dividends  to 
policyholders. 

"  Cash  paid  stockholders  for  interest  or  dividends. 

"  Cash  paid  for  commissions,  salaries,  and  other  expenses  of  officials. 

"  Cash  paid  for  taxes,  licences,  fees,  or  fines. 

"  All  other  expenditures  in  detail. 

"  Exhibit  of  Policies. 

"  Number  and  amount  of  policies  and  additions  in  full  at  the  end 
of  the  previous  year. 

"  New  policies  and  changes. 

"  Policies  terminated,  and  the  manner  of  termination. 

"  Number  and  amount  of  policies  in  force  at  date  of  statement. 

"  Reinsurances." 

It  will  be  observed  that  an  annual  valuation  is  necessary,  as 
the  value  of  outstanding  policies  must  always  be  included  among 
the  liabilities.  This  will  involve  a  great  amount  of  labour;  greater, 
we  think,  than  is  necessary — a  valuation  once  in  five  years  being 
in  most,  if  not  all  cases,  enough  for  practical  purposes. 

§  23.  A  company  may,  in  computing  the  reserve  necessary 
to  be  held  in  respect  of  its  Canadian  policies,  employ  any  of 
the  standard  tables  of  mortality  used  in  the  construction  of  its 
premiums,  and  any  rate  of  interest  not  exceeding  4  per-cent ;  but 
if  it  appears  to  the  Superintendent  of  Insurance  that  such  reserve 
falls  below  that  brought  out  by  "  the  mortality  table  of  the  Institute 
of  Actuaries"  (by  which  we  presume  the  HM  table  is  meant),  at 
4£  per-cent  interest,  with  certain  exceptions  which  we  shall  pre- 
sently mention,  the  Minister  of  Finance  may  direct  that  the  reserve 
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on  that  basis,  if  it  differs  materially  from  the  return  made  by  the 
company,  may  be  substituted  in  the  annual  statement ;  so  that, 
practically,  the  reserve  may  be  greater  than  the  legal  standard,  but 
must  not  be  materially  less.  The  exceptions  referred  to  above  are 
(1)  That  bonus  additions  declared  before  the  passing  of  this  Act, 
and  then  valued  at  a  rate  of  interest  other  than  4£  per-cent,  may 
continue  to  be  valued  at  such  other  rate ;  and  (2)  That  policies 
(apart  from  bonuses),  hitherto  valued  at  5  per-cent,  may  continue 
to  be  valued  at  the  same  rate  for  the  next  10  years. 

We  have  no  information  as  to  the  circumstances  which  led  to 
the  insertion  of  these  provisions  ;  but  we  presume  that  some  of  the 
Canadian  companies  value  their  policies  at  5  per-cent,  and  their 
bonuses  possibly  at  a  still  higher  rate.  At  the  present  time,  it 
seems  scarcely  possible  for  a  company  to  realize  5  per-cent  on  the 
whole  of  its  Canadian  assets,  if  the  whole  or  a  considerable  pro- 
portion of  the  monies  in  the  hands  of  the  Receiver-General  be 
invested  in  Government  Storks. 

It  will  thus  be  seen  that  a  net  HM  4|  per-cent  reserve  is 
established  as  the  ultimate  legal  standard  of  solvency  (with  certain 
modifications  in  the  meantime),  which,  if  it  be  the  case  that  fully 
that  rate  of  interest  can  be  realized  in  Canada,  is,  in  common 
with  the  standard  set  up  in  the  Victoria  and  New  Zealand  Acts, 
higher  than  is  necessary. 

§24(2).  An  important  provision  is,  that  once  at  least  in  every 
five  years  the  Superintendent  is  required  to  value  the  Canadian 
policies  of  all  companies  at  HM  4^  per-cent,  with  the  foregoing- 
exception  as  to  bonuses.  This  will  be  a  check  upon  the  valuations 
made  by  the  companies  themselves. 

§  24(3).  The  Minister  of  Finance  is  empowered  to  instruct  the 
Superintendent,  from  time  to  time,  to  visit  the  head  office  of  any 
foreign  company,  and  to  examine  into  its  condition  ;  and  if  the 
company  declines  to  allow  this,  its  licence  is  to  be  withdrawn. 

§  18.  A  company,  after  giving  written  notice  of  its  intention  to 
cease  business,  may  procure  the  transfer,  with  the  consent  of  the 
policyholders,  of  its  outstanding  policies  to  some  other  company 
licensed  under  this  Act,  or  may  obtain  the  surrender  of  as  many  of 
the  policies  as  possible;  and  the  trustees  may  employ  any  portion 
of  the  assets  vested  in  them  for  these  purposes.  The  company 
must  file  lists  of  the  policies  which  have  been  thus  transferred  or 
surrendered,  and  of  those  which  have  not  been  so  dealt  with.  It 
must  also  publish  in  the  Canada  Gazette  a  notice  stating  that  it 
will  apply  to  Government  for  the  release  of  its  assets  on  a  certain 
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day,  not  less  than  three  months  after  the  date  of  the  notice,  and 
calling  upon  the  policyholders  who  may  oppose  such  release  to  file 
their  opposition  before  the  day  so  named.  After  that  day,  the 
Minister  of  Finance  may  direct  that  a  portion  of  the  assets  be 
retained  "  sufficient  in  amount  to  cover  the  full  equitable  net 
surrender  value"  of  the  policies  not  transferred  or  surrendered,  or 
in  respect  to  which  opposition  has  been  filed,  and  order  the 
remainder  to  be  transferred  or  paid  to  the  company.  The 
values  are  to  be  taken  by  the  HM  table,  at  4£  per-cent,  with  the 
single  exception,  which  seems  equitable,  that  bonuses  declared 
before  the  passing  of  the  Act,  must  be  valued  at  the  rate  at  which 
they  were  originally  valued.  The  portion  of  the  assets  retained  is 
to  be  tendered  pro  rata,  according  to  the  values  of  their  policies, 
to  the  remaining  policyholders;  and  on  the  acceptance  of  the 
amount  tendered,  the  policies  shall  be  deemed  to  be  cancelled.  If 
the  tender  be  refused,  the  amount  may  be  paid  over  to  the  company, 
and  the  policy  remain  in  force.  The  property  of  a  company  retiring 
from  business  in  Canada  will  thus  be  returned  to  it,  on  certain 
formalities  being  complied  with,  and  the  dissenting  policyholders 
be  left  without  any  special  security  in  Canada.  The  Act  expressly 
states  that  such  policyholders  are  not  to  be  barred  from  any 
recourse  which  they  may  have,  in  either  law  or  equity,  against  the 
company,  to  compel  the  fulfilment  of  the  contract ;  and  any 
policyholder  may  make  special  arrangements  with  the  company, 
whereby  his  policy  may  be  kept  in  force ;  and  then  the  policy  may 
be  omitted  from  the  lists  of  policies,  and  this  Act  no  longer  apply 
to  it.  These  provisions  seem  skilfully  planned  to  facilitate  the 
withdrawal  of  solvent  foreign  offices  from  Canada,  so  as  to  leave 
the  field  open  to  the  operations  of  the  native  offices  without  outside 
competition. 

§  16.  Upon  the  insolvency  of  any  company,  the  Court  is  em- 
powered to  appoint  an  assignee,  who  is  to  call  upon  the  company 
for  a  statement  of  its  outstanding  policies  in  Canada,  and  upon 
the  policyholders  to  file  their  claims.  All  policyholders  in  Canada 
are  to  be  entitled  to  claim  for  the  values  of  their  policies,  and  the 
assignee  may  require  the  Superintendent  to  calculate  the  same,  taking 
as  his  basis  the  HM  table,  and  interest  at  4^  per-cent  (with  the  excep- 
tion as  to  bonuses,  which  here  again  is  very  properly  compulsory). 
When  the  schedule  of  claims  in  Canada  is  completed,  the  Court  is 
empowered  to  cause  the  assets  of  the  company  in  Canada,  or  any 
part  of  them,  to  be  realized,  and  to  distribute  the  proceeds  (except 
what  may  be  applied   in  effecting  a  reinsurance  in  some  other 
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company  of  the  outstanding  policies,  in  whole  or  in  part)  pro  rata 
amongst  the  claimants,  the  balance,  if  any  (and  there  may  be  a 
balance  in  Canada,  although  the  office  as  a  whole  is  insolvent),  to 
be  given  up  to  the  company.  1  f  the  proceeds  of  the  assets  are  not 
sufficient  to  cover  all  claims  in  fall,  the  policyholders  are  not  to  be 
barred  from  any  other  recourse  they  may  have  against  the  company. 

In  cases  of  distribution  of  the  Canadian  assets,  there  is,  how- 
ever, a  very  important  proviso,  whereby  any  Canadian  policyholder 
who  "has  been  insured  on  the  'mutual'  principle",  is  not  to  be 
entitled  to  the  benefit  of  the  special  security  afforded  by  the 
Canadian  funds,  but  must  share  at  the  same  rate  as  the  other 
policyholders,  if  it  appear  that  the  Canadian  policyholders,  under 
the  laws  of  the  country  where  the  head  office  of  the  company  is 
situate,  are  entitled  to  the  full  privileges  and  rights  of  all  the  other 
policyholders.  In  the  absence  of  any  definition  of  what  is  meant 
by  the  mutual  principle,  it  seems  probable  that  members  (or  par- 
ticipating policyholders)  of  mutual  societies  are  exclusively  referred 
to  in  this  provision. 

Each  company  [§  24(4)]  is  required  to  make  an  annual  con- 
tribution, in  proportion  to  the  gross  premiums  on  its  Canadian 
policies,  towards  paying  the  expenses  of  the  Superintendent's 
Office;  and  when  (§§  16,  18,  and  23)  the  Superintendent  makes 
a  valuation  of  the  company's  liabilities  under  its  policies,  whether 
with  the  view  of  testing  the  company's  solvency,  distributing  its 
assets,  or  at  the  request  of  the  company  (to  save  it  the  trouble 
of  making  the  periodical  valuations  itself),  a  further  payment  has 
to  be  made  of  three  cents  (about  \\d.)  for  each  policy  or  bonus 
addition  valued — which  is  certainly  moderate  enough. 

§  29.  Any  company  which  has  commenced  to  make  its  deposit 
under  any  of  the  former  Acts,  repealed  by  the  present  one,  may 
continue  the  same  in  the  manner  originally  prescribed  until  the 
amount  reaches  £10,000  required  by  the  present  Act. 

There  are  no  clauses  in  this  Act  for  the  protection  of  policies 
against  creditors,  but  under  separate  Acts  such  provision  is  afforded 
to  a  similar  extent  as  is  done  in  England  by  the  Married  Women's 
Property  Act;  and  on  this  point  the  reader  is  referred  to  the 
article  under  "  Canada"  in  the  first  volume  of  Mr.  Walford's 
(hjclop&dia. 

This  Act  is  for  the  regulation  of  Life  companies  only,  but  it 
may  be  mentioned  that  there  is  another  Act  in  force,  passed  in 
1875,  for  the  regulation  of  Fire  and  Inland  Marine  companies. 

In  conclusion,  it  may  interest  our  readers  to  learn  that  the 
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Act  throughout  speaks  of  life  insurance — not  assurance — the 
practice  in  this  respect  being  the  same  as  in  the  United  States  of 
America. 

Since  this  article  was  written,  we  have  been  favored  with  a 
copy  of  a  report  by  the  Superintendent  to  the  Minister  of  Finance, 
containing,  amongst  other  matter,  a  synopsis  of  this  Act,  in  which 
it  is  stated  that  an  exact  actuarial  computation  of  the  reserve  is 
not  required  every  year,  an  "  estimate "  of  the  amount  for  the  years 
between  the  dates  of  the  periodical  investigations  of  the  company 
being  sufficient.    This,  of  course,  will  greatly  lessen  the  labor. 


CORRESPONDENCE. 

ON  THE  PUKCHASE  OF  A  COMPLETE  ANNUITY — INVESTI- 
GATION OF  FORMULAS. 

To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sib, — 1  have  had  occasion  to  investigate  some  formulas  for  calcu- 
lations connected  with  the  purchase  (as  an  investment)  of  a  complete 
annuity,  and  as  they  differ,  I  believe,  from  the  other  formulas  that  have 
been  suggested  for  use  in  similar  cases,  1  venture  to  send  you  a  note 
of  them,  that  you  may  insert  it  in  the  Journal  if  you  consider  the 
matter  of  sufficient  interest. 

In  purchasing  a  complete  annuity  as  an  investment,  the  annual 
income  is  held  to  consist  of  two  parts,  (1)  the  interest  on  the  capital 
advanced,  and  (2)  the  premium  for  assuring  its  return.  It  is  also 
assumed  that  the  apportionment  receivable  at  the  death  of  the  annuitant 
will  amount  on  the  average  to  six  months'  premium  and  six  months' 
interest.  Now  as  the  premium  ceases  with  the  payment  at  the 
beginning  of  the  year  of  death,  while  interest  continues  to  accrue  till 

payment  of  the  sum  assured  at,  say,  the  -  th  part  of  a  year  after 

death,  the  assurance  in  connection  with  an  outlay  of  1  should  be 

7T  I 

1—  —  +     , — where  it  is  the  premium  actually  payable  at  the  rate  P 

M  ill 

per  1.    The  value  of  tt  is  formed  from  the  equation 

p(1+-) 

tt—V    1—  -  +     J  ,  which  gives  tt=  - —  . 

V      2     mj  P 

2 

Again,  out  of  an  outlay  of  1  the  vendor  receives  only  1 — 7r, 
since  the  first  year's  premium  has  to  be  deducted  from  the  amount  ; 
and  for  this  he  requires  to  grant  an  annuity  of  ir  +  i.  It  follows, 
therefore,  since 
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as  above. 


X  —  TT 

that  the   present   value   of  an    annuity  of  1    is   : ,  where 

TT  -{-  I 

1+2  _ 

We  have  still  to  Unci  the  annual  premium  and  the  policy  required 
in  connection  with  the  transaction.    Calling  the  former  tt  and  putting 

d  for  the  present  value  of  the  annuity  >  we  get  the  equation 

o 

TTCl 

tt'=tt(ci  +  7r;)  ;  whence  the  annual  premium  tt'==-  .    Lastly,  the 

1  — TT 

r  o 

TT  TT 

sum  to  be  assured  =  —  ,  that  is  =  — 


P'  P  1-7T* 

It  will  be  obvious  that  the  expressions  now  given  for  the  price, 
the  premium  and  the  policy  may  be  stated  in  terms  of  P.  But  the 
resulting  formulas  are  not  nearly  so  practically  convenient  as  those 
under  the  present  arrangement,  where  the  numerical  value  of  tt  is 
ascertained  at  first,  and  used  throughout  all  the  succeeding  calculations. 

I  may  explain,  in  closing,  that  my  reason  for  undertaking  the 
investigation  was,  that  I  wished  to  make  allowance  for  the  sum  assured 
being  payable  four  months  after  death ;  on  the  assumption  that  the  time 
between  proof  of  death  and  payment  o£  the  claim  was  three  months, 
and  that  one  month  would  be  required  for  proof.  In  laying  the  results 
before  your  readers,  however,  I  have  exhibited  the  expressions  in  the 
more  general  form. 

I  am,  Sir, 

Your  most  obedient  servant, 
Edinburgh,  December  1877.  JAMES  SOELEY. 
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THE  SCOTTISH  PROVINCIAL  ASSURANCE  COMPANY. 

Established  1825. 
EXTRACT  FROM  THE  REPORT  OF  THE  DIRECTORS. 
Life  Investigation. 

Another  Quinquennial  period  for  investigating  the  business  of  the 
Life  Department  terminated  at  31st  January  last  (1877). 

The  Directors  felt  bound  to  employ,  in  this  investigation,  the 
latest  and  most  reliable  table  of  the  expectancy  of  life,  and  they  had 
no  hesitation,  after  full  enquiry  into  the  practice  of  other  offices  and 
the  opinion  of  the  best  actuaries,  in  adopting  the  actuary's  view,  that 
the  Carlisle  Table,  formerly  employed,  cannot  be  safely  relied  on. 
The  most  recent  and  best  exponent  of  the  value  of  assured  lives, 
namely,  the  Institute  of  Actuaries  HM  Table,  has  been  accordingly 
employed  as  the  basis  in  valuing  the  life  policies;  and  the  latest 
Government  Annuity  Tables  (1860)  for  the  valuation  of  the  annuities. 
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Participation  Branch. 

It  will  be  seen  by  the  actuary's  report,  that  on  the  participation 
life  branch  there  is  a  surplus  of  £48,067. 14s.  5d. ;  and  had  the  valuation 
been  made  on  the  basis  of  the  Carlisle  Table,  this  would  have  been 
larger  by  about  £38,697.  As  the  immediate  effect  of  the  change  has 
been  so  severe,  the  Directors  propose  to  apply  the  whole  surplus  of 
£48,067.  14^.  5d.  to  the  participation  policies.  They  are  also  satisfied, 
and  propose  that  a  reversionary  bonus  ought  to  be  declared  at  the 
same  rate  as  that  in  1872,  on  the  original  amounts  assured  by  all 
policies  current  at  31st  January  1877,  not  being  on  an  ascending 
scale  of  premiums. 

The  following  are  the  rates  of  Bonus  thus  proposed  to  be  declared: — 

Retrospective  bonuses  of 

£1  per-cent  per  annum  on  original  amounts  by  all  participating  policies 

under  5  years'  standing. 
£1    2    6  do.  of  5  and  under  10  years'  standing. 

15    0  do.  of  10       „         15  "  do. 

17    6  do.  of  15       „         20  do. 

1  10    0  do.  of  20  years'  standing  and  over. 

It  is  necessary,  according  to  the  actuary's  calculations,  to  provide 
£45,416.  10s.  75.  to  meet  the  rate  of  bonus,  in  addition  to  the  surplus 
of  £48,067.  14s.  5d.  on  the  participation  branch  ;  but  this  can  be 
provided  for  without  any  undue  strain  upon  the  company's  resources, 
by  carrying  £40,000  from  the  reserve  fund  to  the  credit  of  the 
participation  life  branch,  and  £6,000  from  the  general  surplus 
revenue  of  the  year,  as  after  stated. 

The  Directors  beg  to  report  that,  following  the  system  which  has 
recommended  itself  to  other  large  offices,  they  have  resolved  to  adjust 
their  rates  of  premiums  on  new  life  policies  to  those  found  practically 
safe  and  necessary ;  and  accordingly  new  tables  are  being  prepared, 
based  on  the  approved  tables  adopted  in  the  investigation.  They 
will  also  give  effect  to  the  actuary's  suggestion  that  no  bonus  should 
vest  on  new  policies  until  they  have  been  five  years  in  existence. 

EXTRACTS  FROM  THE  REPORT  BY  THE  ACTUARY  (Mr.  0.  GORDON). 

The  valuation  has  been  made  in  the  form  best  suited  for  the 
purpose  of  the  returns  required  by  the  Board  of  Trade,  namely,  by 
showing  on  the  one  hand  the  present  value  of  the  sums  payable  by 
the  company,  and  on  the  other,  the  present  value  of  the  net  premiums 
receivable,  the  difference  between  these  sums  being  the  present  liability 
of  the  company. 

The  policies  for  the  whole  term  of  life  have  been  classified  according 
to  the  age  of  the  assured  at  the  date  of  the  valuat  ion,  and  the  values 
taken  in  the  middle  of  the  year.  Similar  classifications  have  been  made 
in  certain  of  the  special  classes  where  the  grouping  system  would  not 
interfere  with  the  accuracy  of  the  result.  The  rest  of  the  policies 
have  been  valued  individually. 

All  the  calculations  have  been  made  in  duplicate,  and  for  the  most 
important  classes  in  triplicate,  the  results  being  carefully  compared. 
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and  at  every  stage  of  the  classification  of  policies,  and  tabulating  of 
results,  every  check  that  could  be  devised  to  test  the  accuracy  of 
entries  was  brought  to  bear. 

The  premium  valued  as  receivable  in  the  future  is  only  the  net 
or  risk  premium  according  to  the  HM  Table,  the  loading  or  difference 
between  this  and  the  full  premium  actually  payable  being  left  intact, 
to  meet  future  expenses  and  to  form  a  source  of  profit  for  succeeding 
investigations.  This  margin  averages  30*06  per-cent  on  participation, 
and  13*02  on  non-participation  policies.  In  addition  to  the  values  thus 
brought  out,  I  have  reserved  one-half  of  the  year's  income  from  extra 
premiums  to  meet  unexpired  extra  risks,  and  have  also  set  aside,  in 
respect  of  paid-up  policies  and  those  whose  premiums  cease  after  a 
limited  number  of  payments,  a  sum  sufficient  to  put  these  on  a  similar 
footing,  as  regards  future  profits  and  expenses,  to  those  policies  where 
the  premiums  are  payable  and  the  margins  consequently  receivable 
by  the  company  during  the  whole  continuance  of  the  risk. 

Throughout  the  whole  valuation  every  principle  whereby  negative 
values  could  be  produced  has  been  studiously  avoided. 

In  order  that  the  Directors  may  see  the  effect  of  the  change  from 
the  Carlisle  Table  employed  at  former  investigations  to  the  HM,  I 
have  made  a  valuation  by  the  former  table,  equally  strict  as  regards 
the  largest  and  most  important  classes,  and  approximating  to  the 
values  of  the  more  special  policies,  and  find  the  net  difference  between 
the  two  valuations  to  be  as  follows,  the  HM  Table  showing  the  higher 
reserve : — 

Participation  Branch  .....  £38,697  16  0 
Non-Participation  Branch  .    .    .    .        6,023    4  0 

£44,721    0  0 


The  immediate  annuities  for  whole  term  of  life  were  classified 
in  the  same  manner  as  the  policies — the  sexes  of  annuitants  being 
distinguished,  and  the  annuities  lor  each  sex  valued  by  the  corres- 
ponding table.  The  annuities  for  special  terms  were  valued 
individually.  The  results  of  the  valuation  of  annuities  by  the 
Government  Tables  and  Si  per-cent  interest,  are  in  total  almost 
identical  with  what  would  have  been  reserved  by  the  Carlisle  Table 
and  3  per-cent,  the  basis  of  former  valuations,  the  present  valuation 
being  higher  by  £37. 

Memorandum  of  Results  of  Investigation. 

Pa  rt  i  c  i  pa  Ttom  B  rak  c  i  i . 

This  Branch  comprises  9,784  Policies,  assuring  o£3,699,223,  to 
which  £224,003  of  Reversionary  Bonuses  have  been  added,  and  yielding 
an  annual  revenue  of  £112,871.  17s.  2d.  of  ordinary  premiums  and 
£963. 9s.  of  extras.  The  reassurances  are  for  £167,585,  with  £10,686 
of  bonus  additions.  The  sum  of  £5,695.  2.s\  6d.  is  payable  annually 
as  premiums  for  the  said  reassurances. 

The  state  of  affairs  is  as  follows:—- 
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£       s.  d. 

Participation  Life  Fund   621,599  15  6 

Bonus  Fund  (after  payment  of  £5,115.  lis.  of  prospective 

bonuses  during  the  Quinquennial  Period)       .       .    116,136    0  11 


Net  Liability  under  Policies     .       .  £568,532    1  0 

Liability  for  Bonuses       .       .       .  120,258    3  0 

Half-year's  Income  from  extras  .  473  12  0 
Additional   Reserve  in   respect  of 

Limited  Payment   Policies,  sec 

report   104-    6  0 


737,735  16  5 


689,668    2  0 


Surplus       ....       £48,067  14  5 


Note.— To  provide  a  bonus  at  the  same  rates  as  declared  at  the  valuation  in 
1872  would  require  a  sum  of  £93,484.  5s. 


Non-Paiiticipation  Branch. 

This  Branch  comprises  1,269  Policies,  assuring  £673,830,  and 
Contingent  Annuities  of  £131.  4s.  Sd.  The  annual  revenue  is 
£21,717.  10s.  5d.  of  ordinary  premiums  and  £233.  17  s.  lOd.  of  extras. 
The  reassurances  are  for  £96,821,  the  annual  premiums  thereon 
being  £3,291.  12s.  Id. 

The  state  of  affairs  is  as  follows  : — 

£       s.  d. 

Non- Participation  Life  Fund  118,141    5  11 

Net  Liability  under  Policies  .  £123,099  4  2 
Extra  Premiums,  as  above    .       .  116  19  0 

Additional  Reserve  in  respect  of 

Limited  Payment  Policies      .  57  14  6 


123,273  17  8 


Deficiency  £5,132  11  9 


Note. — The  total  annual  margin  reserved  for  future  expenses  and  profit,  in  terms 
of  the  report,  amounts  to  £27,901.  2s.,  the  present  value  of  which  is  £379,190. 


Annuity  Fund. 

This  Branch  comprises  175  policies,  assuriug  annuities  of 
£4,220.  lis.  lOd. 

The  state  of  affairs  is  as  follows  :  — 

£      s.  d. 

Annuity  Fund  40,615    11  0 

Net  Liability  under  Policies        .         £38,889    6  2 
Payments   outstanding   on  31st 

January  1877         ...  68    6  8 

  38,957  12  10 


Surplus  £1,657  18  2 
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Declaration  of  Bonus. 
The  vested  additions  to  policies  for  £1000  are  as  under : — 
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Policies 

Bonus  Vested  at 

i 

opened 

Total  Vested 

l>efore 

Bonuses  in 

Annu.il 

10th  Feb. 

10th  Feb. 

31st  Jan. 

31st  Jan. 

31st  Jan. 

31st  Jan. 

31st  Jan.  1877. 

Balance  in 

1 

1847. 

1852. 

1857. 

J  ^0/. 

1867. 

1872. 

1877. 

£    .9.  d. 

£    s.  d. 

£  s. 

d. 

t      S.  d. 

£    -v.  d. 

£  S. 

d. 

£  s. 

d.\  £    s.  d. 

1841 

87  10  0 

67  19  5 

79  8 

9 

84  18  0 

68  15  0 

75  0 

0 

75  0 

0  538  11  2 

1848 

62  10  0 

73  0 

11 

78    1  4 

68  15  0 

75  0 

0 

75  0 

0 ! 432    7  3 

1853 

68  15 

0 

73    9  6 

68  15  0 

68  15 

0 

75  0 

0 | 354  14  6 

1858 

68  15  0 

68  15  0 

62  10 

0 

68  15 

0 ! 268  15  0 

1863 

... 

68  15  0 

56  5 

0 

62  10 

0 ' 187  10  0 

1868 

... 

... 

50  0 

o 

56  5 

01106    5  0 

1873 

... 

50  0 

0    50    0  0 

The  following  additional  particulars  are  extracted  from  the  Returns 
under  the  5th  and  6th  schedules  of  the  Life  Assurance  Companies 
Act,  1870. 

Consolidated  Revenue  Account  for  the  jive  years  ending  Wist  Jan.  1877. 

£       s.  d. 

Amount  of  Funds  on  31st  Jan.  1872,  the  beginning 

of  the  quinquennial  period   662,993    0  11 

Premiums  (after  deduction  of  Reassurance  Premiums)  582,877  15  4 
Consideration  for  Annuities  granted  ....  16,127  17  11 
Interest  and  Dividends   154,294  11  9 


£1,416,293    5  11 


Claims  under  Policies  (after  deduction  of  Sums  re- 
assured)  

Surrenders  ........ 

Annuities  ......... 

Commission  ........ 

Expenses  of  Management  ...... 

Medical  Fees  and  Policy  Stamps  .... 

Dividends  and  Bonuses  to  Shareholders 

Expenses  applicable  to  the  Investigations  of  1872  and 
1877   

Profit  belonging  to  Shareholders,  as  shown  by  Investi- 
gation of  1872,  and  transferred  to  General  Profit 
and  Loss  Account,  April  1872  .... 

Amount  of  Funds  on  31st  January  1877,  the  end  of 
the  period  


351,205  18 
11,940  12 
19,907  11 
28,702  15 
57,187  2  2 
5,213    7  3 


609    9  0 

15,033  16  8 
896,492  13  4 
£1,416,293    5  11 


Summary  and  Valuation  (see  p.  460). 

There  are  no  investments  specially  set  apart  for  the  Life  Assurance 
and  Auuuity  Funds,  but  these  accounts  have  been  accredited  annually 
throughout  the  quinquennium  with  interest  at  4  per-cent. 

The  minimum  values  allowed  for  the  surrender  of  policies  for  the 
whole  term  of  life,  with  uniform  annual  premiums,  on  which  three  full 
years'  premiums  have  been  paid,  are  40  per-cent  of  the  ordinary 
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premiums  received  by  the  office,  increased  by  the  cash  value — 
according  to  the  published  bonus  table  issued  by  the  company — of 
whatever  bonuses  may  have  been  added  thereto. 

The  minimum  surrender  value  allowed  for  Endowment  Assurances 
is  also  40  per-cent  of  the  premiums  paid,  it  being  however  the  practice 
of  the  Office  to  allow  on  their  surrender,  two-thirds  or  upwards  of  the 
Office  Reserve,  according  to  their  standing  on  the  books;  and  in  the 
case  of  Participation  Policies,  in  addition,  the  cash  value  of  any 
bonuses  that  may  have  been  declared  thereon. 


We  take  this  opportunity  of  printing  the  following  extracts 
from  the  Reports  of  the  Directors  at  previous  investigations  of  the 
Company. 

1.  As  at  31  January  1862  :— 

From  the  profits  realized  on  the  Life  Business,  the  Directors 
recommend  that  a  retrospective  bonus  of  £1.  7s.  6d.  per-cent  per 
annum,  for  the  last  five  years,  be  given  on  the  sums  originally  assured, 
increased  by  the  previous  bonuses  added  thereto,  on  all  Participation 
Policies  in  force  at  31st  January  last,  for  the  number  of  full  years 
standing  of  the  respective  assurances  since  31st  January  1857. 

Also  that  a  further  prospective  bonus  of  £1  per-cent  per  annum 
on  the  amount  of  the  policies  with  said  bonuses,  be  declared  on  all 
such  of  said  policies  as  may  become  claims  by  death  before  the  next 
investigation  at  31st  January  1867,  for  every  complete  year  for  which 
premiums  may  have  been  paid.  The  present  value  of  the  bonuses 
just  referred  to  is  £31,690.  15s. 

The  claims  by  death,  including  bonus  additions,  paid  during  the 
quinquennial  period,  have  amounted  to  £93,975.  6s.  6d. 

The  total  number  of  policies  in  force  at  31st  January  last  was 
4,759,  assuring  the  sum  of  £1,955,950. 

In  valuing  the  policies  it  will  be  noticed  that  each  has  been 
separately  computed,  and  that  nett  premiums  only  have  been  used, 
thus  leaving  a  surplus  of  annual  revenue  of  £11,447.  16,9.  7d.,  to 
meet  future  expenses  and  to  form  a  source  of  profit  for  next  inves- 
tigation. 

From  the  report  of  the  Consulting  Actuary  (Mr.  J.  J.  Downes) 
it  appears  that  the  respective  values  of  the  sums  assured,  and  the 
nett  values  only  of  the  future  premiums,  were  computed  to  the  nearest 
month;  and  that  in  all  cases  the  age  was  taken  as  that  for  which  the 
premium  was  charged  at  the  date  of  entry. 

That  the  law  of  mortality  and  the  rate  of  interest  employed  were 
the  same  as  were  adopted  in  the  construction  of  the  company's  tables 
of  assurance  premiums, — namely,  Carlisle  3|  per-cent — except  for 
immediate  annuities. 

"  The  effect  of  taking  credit  for  the  nett  values  of  the  future 
premiums  only,  is  to  limit  any  surplus  that  may  arise  to  the  amount 
of  profits  actually  realized. 

"  This  principle  places  old  and  new  assurers  upon  an  equal  footing 
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in  regard  to  future  bonuses,  as  the  present  assured  will  contribute 
towards  the  future  expenses  and  contingencies  in  a  like  ratio  to  new 
members;  while  new  assurers  have  a  guarantee  of  a  fair  and  full 
participation  in  future  profits,  in  a  just  proportion  to  their  contribution 
to  the  common  fund. 

"  If,  in  reporting  the  results  of  the  valuation,  it  should  be  decided 
to  state  the  present  value  of  the  sums  assured  on  one  side,  and  the 
present  value  of  the  future  premiums  on  the  other,  I  would  suggest 
that  it  should  be  stated  that  those  results  were  not  obtained  by  the 
application  of  any  lumping  process  founded  upon  an  assumption  of 
an  average  age,  but  that  they  are  the  aggregates  of  the  separate  results 
obtained  for  each  individual  policy." 


Statement  of  the  Company's  Business  during  the  Quinquennial  Period 

ending  31st  January  1862. 


Year 
j  ending  31st 
i  January. 


Totals 


Amount  of 
New  Policies 
Issued. 


1,219,697 


No.  of 
Policies 
Issued. 


3/209 


New  Annual 
Premiums. 


£ 

£  s. 

d. 

1858 

136,180 

356 

3,989  18 

0 

1859 

169,171 

477 

5,492  1 

6 

1860 

283,920 
270,746 

659 

8,776  17 

9 

1861 

736 

7,971  17 

6 

1862 

359,680 

981 

11,170  1 

1 

37,400  15  10 


Memorandum  of  Result  of  Investigation  at  31st  January  1862. 

£      s,  d. 


I. — Participation  Life  Fund 


£  s.  d. 
.  150,939    8  10 


Value  of   Policies,  as  per  Abstract  of 
Valuation  States  .... 

Surplus 

TT. — Bonus  Fund  

Value  of  Bonuses,  as  per  said  Abstract 
Surplus 

TIT. — Non-Participation  Life  Fund 

Value  of  Policies,  as  per  said  Abstract 
Surplus 


111,813  11  10 


19,866  16 
17,661  11 


39,125  17  0 


74,175  17 
69,870  9 


2,205 
1,305 


5  0 


8  4 


DEDUOT- 


VII.  -  A  NN  FIT  A  NTS'  FUN  D 


30,344  3 


Value  of  Policies,  as  per  Valuation  States    30,624  2 


£279  19  6 


The  rate  of  bonus  now  declared  is  equivalent  in  the  case  of  the 
older  policies  to  £1.  14$.  per-cent  per  annum  on  the  original  sum 
assured. 
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2.  As  at  31  January  1867  :— 

The  valuations  and  relative  calculations  have  been  conducted  on 
the  same  principles  as  were  adopted  on  last  occasion,  as  then  recom- 
mended by  Mr.  James  John  Downes. 

The  Directors  recommend  that  £55,527.  7s.  lOd.  be  set  apart  to 
declare  a  retrospective  bonus  at  the  rate  of  £1.  7  s.  6d.  per-cent  per 
annum,  for  the  last  five  years,  on  the  original  sums  assured,  on  all 
policies  on  the  Participation  Branch,  not  on  an  ascending  scale  of 
premiums,  in  force  at  31st  January  last,  for  their  number  of  full  years 
standing  on  the  books  since  31st  January  1862. 

During  the  last  five  }^ears,  the  Office  has  issued  4,845  policies, 
assuring  £2,092,973,  and  yielding  an  annual  revenue  of  £62,452. 2s.  2d. 

The  claims  by  death  during  the  Quinquennial  period  amount  to 
£172,963.  3,9. 

The  total  number  of  life  policies  in  force  at  31st  January  last  was 
7,662,  assuring  the  sum  of  £3,250,000 — yielding  in  annual  premiums 
£95.263.  lis.  lid. 


Memorandum  of  Result  of  Investigation. 

£      s.  d.     £      s.  d. 
I. — Participation  Life  Fund       .       .       .  260,789  16  4 
Value  of   Policies,  as   per  Abstract  of 

Valuation  States   229,413  12  0 

Surplus      .       .  ■  31,376    4  4 

II.— Bonus  Fund      ...  .  42,228  17  2 

Value  of  Bonuses,  as  per  said  Abstract    .    39,829    5  6 

Surplus      .       .   2,399  11  8 

III.  — Non- Participation  Life  Fund       .       .    91,896    7  11 

Value  of  Policies,  as  per  said  Abstract     .    86,537    9  0 

Surplus      .       .   5,358  18  11 

IV.  -— Annuitants'  Fund   37,048  14  1 

Value  of  Policies,  as  per  Valuation  States    36,470    3  10 

Surplus      .       .  £578  10  3 


Note. — In  the  valuation  of  policies,  the  pure  premiums  only  having  been 
used,  a  surplus  of  annual  revenue,  amounting*  to  £18,433.  12s.  3tf.,  remains 
unvalued,  to  meet  future  charges  and  to  form  a  source  of  profit  for  next  investi- 
gation. 


3.  As  at  31  January  1872  :— 

Quinquennial  Investigation. 

As  on  previous  occasions,  the  valuations  and  relative  calculations 
have  been  conducted  on  the  same  principles  as  were  adopted  in  1862 
(and  again  in  1867),  on  the  recommendation  of  Mr.  James  John 
Downes,  late  Actuary  of  the  Economic  Life  Assurance  Society  of 
London,  each  policy  having  been  separately  valued  in  duplicate,  and 
the  calculations  carefully  compared.  The  valuations  were  based  on 
the  Carlisle  Table  of  Mortality,  and  the  rate  of  interest  assumed  was 
3|  per-cent.  The  net  or  pure  premiums  have  alone  been  dealt  with, 
and  the  loading,  amounting  to  £22,052.  Is.  lOd.  per  annum,  has  been 
reserved,  in  accordance  with  the  practice  of  the  company,  to  meet 
future  charges,  and  to  form  a  source  of  profit  for  next  investigation. 
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In  the  Participation  Branch,  the  balance  is  £75,459.  17s.  5^., 
as  per  memorandum  attached.  From  this  sum  the  Directors  projjose 
to  apply  one- tenth  part,  namely,  £7,545.  19s.  9d.  to  the  credit  of 
Profit  and  Loss,  £67,584.  10s.  3d.  to  provide  for  bonuses,  as  follows, 
and  to  carry  forward  the  balance  of  £829.  7s.  5d. 

Retrospective  bonuses  of — 

£1  per-cent  per  annum  on  all  participating  policies  under  5  years' 

standing. 

£1    2    6       do.       do.  of  5  and  under  10  years'  standing. 

1    5    0       do.       do.  of  10  and  under  15  years'  standing. 

17    6       do.       do.  of  15  and  under  20  years'  standing-. 

1  10    0       do.       do.  of  20  years'  standing  and  over. 

Such  bonus  to  be  for  the  last  five  years  on  the  original  sums 
assured,  on  all  policies  on  the  Participation  Branch,  not  being  on  an 
ascending  scale  of  premiums  (these  are  separately  dealt  with  in  regard 
to  bonus),  in  force  at  31st  January  last.  The  £1  per-cent  applicable 
to  the  policies  on  the  first  of  the  above  periods  to  be  according  to  the 
number  of  full  years  premiums  paid  thereon  as  at  that  date. 

The  surpluses  on  the  Non-Participation  Branch  and  on  the 
Annuity  Department  amounted  respectively  to  £3,114.  3s.  5d.  and 
£4,373.  13s.  6d, 


Memorandum  of  lie  suits  of  Investigation. 

I. — Pakticipation  Life  Fund  (after  payment  of  £3,740  for 
Prospective  Bonuses  during  the  quinquennial  period)  . 
Additional  Interest  for  the  5  years,  to  bring  the  rate  of 

accumulation  up  to  per-cent  

Increase  on  the  Value  of  Investments  .... 


Value  of  Policies,  as  per  Abstract  of  Valuation  States 

Surplus  . 


£  s.  d. 

420,419  10  7 

8,055  12  1 

8,900  0  0 

437,375  2  8 

364,730  6  10 

72,644  15  10 


Bonus  Fund 

Additional  Interest,  as  above 


Value  of  Bonuses,  as  per  said  Abstract 

Surplus  . 

Total  Surplus  on  Participation  Branch 

II. — Non- Participation  Fund 
Additional  Interest,  as  above 


Value  of  Policies,  as  per  said  Abstract 

Surplus 

III. — Annuity  Fund  .... 
Value  of  Policies,  as  per  said  Abstract 

Surplus  . 


.  £73,783  3  6 

.     4,324  1  5 

78,107  4  11 

.    75,292  3  4 


2,815    1  7 


£75,459  17  5 

103,700  18  2 
2,422    1  3 


106,122  19  5 

103,008  16  O 

£3,111    3  5 

41,387  13  11 


£4,373  13  6 
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454. 

Sprague,  T.  B.,  On  the  Premiums  for 
the  insurance  of  Recently  Selected 
Lives,  95. 


END  OF 


Sprague,  T.  B.,  Review  of  his  Article 
"Annuities"'  in  the  ninth  edition  of 
the  Encyclopaedia  Britamiica,  112. 

 Does  Vaccination  afford  any 

Protection  against  Small-pox  ?  216. 

 On  the  Causes  of  Insolvency  in 

Life  Insurance  Companies,  and  the 
best  means  of  detecting,  exposing, 
in  id  preventing  it,  291. 

Stott,  John,  On  the  Mortality  among 
Innkeepers,  Publicans,  and  other 
Persons  engaged  in  the  Sale  of  Intoxi- 
cating Liquors,-— -being the  Experience 
of  the  Scottish  Amicable  Life  Assur- 
ance Society  during  Fifty  Years, 
1826-1876,  35. 

Strain  (Death)  on  the  Funds  of  a  Life 
Assurance  Society,  Charles  D.  Higham 
on  the  True  Measure  of  the,  153. 

Suicide,  J.  W.  Eastwood  on  Life  Insur- 
ance and,  349. 

Sutton,  William,  A  Comparison  of 
various  Methods  of  Graduation  of  a 
Mortality  Table  considered  in  refer- 
ence to  the  Valuation  of  an  Average 
Life  Office  under  its  Assurance  Con- 
tracts, Part  I,  170;  Part  II,  192. 


T. 

|  Templeton,  John  M.,  On  Mutual  Life 
Assurance;  its  Aims  and  Objects, 
and  the  Means  of  attaining  them,  77. 

V. 

|  Vaccination,  Does  it  afford  any  Protec- 
tion against  Small-pox  ?  By  T.  B. 
Sprague,  216. 

!  Valentine,  James,  Summary  of  the 
Life  Insurance  Acts  of  the  Colonies 
of  Tasmania,  New  Zealand,  and 
Canada,  441. 

!  Valuation,    W.   T.   Gray   on  certain 

j      Methods  of,  309. 

|  Reserve  necessary  for  Diseased 

Lives,  and  for  Female  Lives  subjected 
to  an  extra  premium,  James  Sorley 
on  the,  342. 
Valuations  made  with  a  view  to  Distri- 
bution of  Profits,  John  M.  McCandlish 
on  the  Principles  to  be  observed  in,  12. 
Victoria,  Life  Insurance  Act  of  the 

I      Colony  of,  58. 


VOL.  XX. 


C.  &  E.  Lay  ton,  Printers,  J  50,  Fleet  Street  .:  and  12,  Gough  Square. 


Jonkn  nub  |1roi)intia[  f  afo  %mxum  Smtty, 

21  FLEET  STREET,  LONDON. 


DIRECTORS. 

LAW,  HENRY  SHEPHARD,  Esq.,  Bush-lane,  Chairman. 
BENNETT,  ROWLAND  NEVITT,  Esq.,  Lincoln's  Inn,  Deputy-Chairman. 


ABBOTT,  CHARLES  JAS.,  Esq.,  8  New  Inn. 

BLOXAM,  CHARLE  S  JOHN,  Esq.,  Lincoln's 
Inn  Fields. 

BURNE.  HENRY  H.,  Esq.,  Bath. 

CURLING,  ROBERT,  Esq.,  Old  Jewry. 

FANE,  WILLIAM  DASHWOOD,  Esq.',  Mel- 
bourne Hall,  Derby. 

GASELEE,  Mr.  Serjeant,  Temple. 

GWINNETT,  WILLIAM  HENRY,  Esq.,  Chel- 
tenham. 

HEDGES,  JOHN  KIRBY,  Esq.,  Wallingford 
Castle,  Berks. 


HELPS,  ARTHUR  S. 
HOOPER,  ALFRED 

Worcester. 
JAY,  SAMUEL,  Esq., 


Esq.,  Gloucester. 
CATCHMAYD,  Esq. 

Lincoln's  Inn. 


:  LAKE,  GEORGE,  Esq.,  Lincoln's  Inn. 
j  LEFROY,  GEORGE  BENTINCK,  Esq., 

5,  Robert  Street,  Adelphi. 
;  LOCKE,  JOHN,  Esq.,  Q.C.,  M.P.,  Temple. 
1  LONGBOURNE,  JOHN  V.,  Esq.,  7  Lincoln's 

Inn  Fields. 

LUCAS,  CHARLES  ROSE, Esq., Lincoln's  Inn. 
PEAKE,  HENRY,  Esq.,  Sleaford. 
ROWCLIFFE,  EDWARD  LEE,  Esq.,  Bed- 
ford Row. 

STILL,  STAFFORD  F.,  Esq.,  Lincoln's  Inn. 

WARIER,  HENRY  DE  GREY,  Esq.,Longden 
Manor,  near  Shrewsbury. 

WHITE,  JOHN  THOS.,  Esq.,  11  Bedford  Row. 

WOODROOFFE,  GEO.  THOS.,  Esq.,  Lin- 
coln's Inn. 


AUDITORS. 


PHILIP   ROBERTS,  Esq.,  2  South-square, 

Grav's  Inn. 
STERLING  WESTHORP,  Esq.,  Ipswich. 

PHYSICIAN. 

H.  PITMAN,  M.D.,  28  Gordon-square. 

BANKERS. 

UNION  BANK  OF  LONDON,  Chancery-lane. 


H.  S.  FAIRFOOT,  Esq.,  13  Clement's  Inn. 
ARCHIBALD  DAY,  Esq.,  London. 


SOLICITOR. 

R,  H.  BURNE,  Esq.,  1  Lincoln's  Inn  Fields. 

ACTUARY  &  SECRETARY. 

RALPH  PRICE  HARDY,  Esq. 


HIGH   ORDER   OF   SECURITY  OFFERED. 

1.  — Valuation  reserves  based  upon  the  strictest  known  principles. 

The  table  of  mortality  used  is  that  known  as  the  "  Institute  of 
Actuaries'  Experience,"  which  is  founded  on  and  represents 
the  mortality  of  assured  lives,  an  additional  reserve  being 
made  for  policies  of  five  years'  standing  and  upwards. 

The  rate  of  interest  assumed  has  been  3  per  cent.  only. 

The  whole  of  the  "loading"  on  the  premiums  has  been  re- 
served for  future  expenses  and  profits. 

The  safety  of  these  principles  of  valuation  will  be  seen  on 
reference  to  Messrs.  Malcolm  and  Hamilton's  report  to  the 
Board  of  Trade,  dated  10th  July,  1874. 

2.  — An  Accumulated  Fund   exceeding  EIGHT  HUNDRED 

THOUSAND  POUNDS. 

3.  — A  subscribed  Capital  of  ONE  MILLION,  guaranteed  by  members 

solely  of  the  legal  profession. 

Copies  of  the  accounts  and  of  the  full  statements  rendered  to  the 
Board  of  Trade,  and  all  other  information,  may  be  had  on  application 
to 

RALPH  P.  HARD/Y,  Actuary  and  Secretary. 


EAGLE 


INSURANCE  COMPANY, 

(FOR  LIVES  ONLY), 

79,    PALL    MALL,    LOINTDCXKT,  S.W. 

(ESTABLISHED  1807.) 


W\XtttOX$. 

Geoege  Russell,  Esq.,  Chairman. 
Chaeles  Jellicoe,  Esq.,  F.R.G.S.,  Deputy- Chairman. 

Thomas  Allen,  Esq.  i  Eobeet  Alexandee  Geay,  Esq. 
Chaeles  Bischoff,  Esq.  William  A.  Guy,  M.D.,  F.R.S. 

Thomas  Boddington,  Esq.  |  Ealph  Ludlow  Lopes,  Esq. 
Sie  J.  Bullee-East,  Bart.,  D.C.L.       James  Mueeay,  Esq.,  C.B.,  F.R.G.S. 

Hon.  Thos.  F.  Feemantle,  M.P.  !   Sie  Philip  Rose,  Bart. 

^ctuarg  anfc  j&ecutarg, 

Geoege  Humpheeys,  Esq.,  M.A. 


The  Report,  dated  August  22?id,  1877,  showed  the  following 

results : — 

Net  Premiums  and  Interest  .  .  £396,818 
Accumulated  Funds  .  .  .  £3,107,054 
Also  a  Subscribed  Capital  of  more  than  £1,500,000 


Annual  Heports,  Prospectuses,  and  Forms,  may  be  had,  or  will 
be  sent,  Fost-free,  on  application  at  the  Office,  or  to  any  of  the  Com- 

panifs  Agents. 


(fcjuttj)  anb  Sato  JKfe  Assurance  Socbto, 

18  LINCOLN'S  INN  FIELDS,  LONDON,  W.C. 

ESTABLISHED  1844. 


CAPITAL,  ONE  MILLION,  FULLY  SUBSCRIBED. 


TRUSTEES. 

The  Right  Hon.  Viscount  Cardwell.  Thomas  Glover  Kensit,  Esq. 

The  Right  Hon.  Sir  William  Erle.  John  M.  Clabon,  Esq. 

The  Hon.  The  Vice-Chan.  Sir  Richard  Malins.     Robert  J.  P.  Broughton,  Es<^. 

John  Iliffe,  Esq. 

SUMS  ASSURED,  £4,700,000      TOTAL  INCOME,  £236,935. 
ASSETS,  £1,354,976.      EXPENSES  OF  MANAGEMENT,  £6,822. 

The  Reserve  retained  by  the  Society  in  respect  of  its  Liabilities  under 
Policies  has  been  calculated  according  to  the  HIGHEST  STANDARD, 
viz..  the  Tables  of  the  Institute  of  Actuaries,  interest  being  taken  at  3  per 
cent.,  and  all  the  loading  on  premiums  reserved. 

NINE-TENTHS  of  the  Total  Profits  are  divided  among  the  Assured. 
Considerably  more  than  One- tenth  of  the  Profits  is  derived  from  Policies 
which  do  not  participate  in  Profits,  so  that  the  Assured  have  larger 
Bonuses  than  if  they  formed  a  Mutual  Insurance  Company,  and  received  the 
whole  of  the  Profits  derived  from  their  own  Policies. 

At  an  Extraordinary  General  Meeting  held  on  June  9,  1875,  the  sum  of 
£844,379  was  set  aside  as  the  value  of  the  Society's  Liabilities  under  its 
Assurance  and  Annuity  Contracts,  and  £173,180  was  ordered  to  be  divided 
as  Bonus ;  leaving  a  balance  of  undivided  Profit  of  £20,033. 

Nine-tenths  of  the  sum  divided  was  allotted  among  holders  of  Policies 
for  £2,500,000. 


TABLE  of  the  TOTAL  ADDITIONS  made  tip  to  December  31st,  1874, 
to  POLICIES  o/£1000  each. 


Number  of  Premiums  paid. 


Age 


at 
Entry. 

Thirty. 

Twenty-five. 

Twenty. 

Fifteen. 

Ten. 

Five. 

30 
45 
60 

£  5.  d. 
685  10  0 

811    0  0 

£  s.  d, 
549    0  0 

678  10  0 

£    s.  d. 

434  10  0 

533    0  0 
787  10  0 

£  s.  d. 
290  10  0 

353  10  0 

517    0  0 

£  s.  d. 
175    0  0 

211    0  0 

310  10  0 

£    s.  d. 
78  10  0 

93    0  0 

137  10  0 

Lapses. — One  calendar  month  is  allowed  for  payment  of  premiums ;  but  if, 
through  an  oversight,  the  payment  should  be  omitted,  the  Policy  will  be  revived 
within  three  months  after  the  lapse,  on  payment  of  a  fine  at  the  Rate  of  One 
Shilling  per  cent,  on  the  sum  assured  for  each  month,  or  part  of  a  month,  which 
may  have  elapsed. 

G.  W.  BERRIDGE,  Actuary  and  Secretary. 


T  H  E 


SHAM 


LIFE    ASSURANCE  SOCIETY, 


Head  Office— 37,  OLD   JEWRY,    LONDON,  E.C 


BOARD  OF  DIRECTORS. 

W.  H.  THORNTH WAITE,  Esq.,  Chairman. 
H.  C.  T.  BEADNELL,  Esq.        ALFRED  HUTCHISON  SMEE,    W.  THORNTH  WAITE,  Esq. 
RICHARD  CRAWLEY,  Esq.    j       Esq.  WILLIAM  TREGO,  Esq. 

J.  LYNE  HANCOCK,  Esq.      I    EDWARD  SOLLY,  F.R.S.  GEORGE  TYLER,  Esq. 


OFFICERS. 

Actuary  and  Secretary. 

F.  ALLAN  CURTIS,  Esq.,  F.I. A. 

Medical  Examiner. 
JOHN  C.  GALTON,  M.A.,  M.R.C.S.,  &c. 


Assistant  Secretary. 

JOSEPH  ALLEN,  Esq. 

Solicitor. 

T.  H.  DEVONSHIRE,  Esq. 


AGENCY  DEPARTMENT. 

C.  A.  Raynsford,  Esq.,  Superi7itende?it.         William  Elliott,  Esq.,  Superintendent for  Scotland. 
C.  E.  Moncrieff,  Esq.,  Superintendent  for  Ireland. 
R.  R.  Newson,  Esq.,  Inspector.  John  Wright,  Esq.,  Inspector. 

PRINCIPAL  BRANCH  OFFICES. 
ENGLAND. 

Birmingham,  Waterloo  Chambers,  Waterloo  Street.  I  Liverpool,  Manchester  Buildings,  i,  Tithebarne  St. 
Bradford,  Bank  Chambers,  Bank  Street.  Manchester,  57,  Piccadilly. 

Bristol,  i,  Broad  Quay.  Newcastle,  Percy  Buildings,  Grainger  St.  West. 

Hull,  Bank  Buildings.  I    Norwich,  Bank  Plain. 

SCOTLAND- Glasgow,  68,  Bath  Street.         IRELAND— Belfast,  Belfast  Bank  Buildings. 


FUNDS. 

REALIZED   ASSETS  (1877)  

LIFE  ASSURANCE  AND  ANNUITY  FUNDS 
ANNUAL  INCOME   


£2,396,785 
2,307,544 
510,000 


NON-FORFEITABLE  POLICXES.-With  Profits. 

NON-FOKFEITABLE  FAMILY  TRUST  POLICIES  are  specially  suited  for 
Marriage  Settlements.  Issued  under  Act  33  and  34  Vict.,  cap.  93,  they  are  a  perfect 
family  provision,  not  subject  to  the  control  of  the  Husband  or  of  his  Creditors.  A 
Married  Woman  may  Insure  her  own  Life  or  the  Life  of  her  Husband  for  her  Own 
separate  use.  A  Married  Man  may  Insure  his  Life  for  the  separate  benefit  of  his 
Wife  or  Children. 

Annual  Premium  required  for  the  Assurance  of  j£ioo  payable  at  Death, 
payments  to  be  made  for  a  limited  period  only : — 


Age. 

25  A  nnual  20  A  nnual 
Premi?cms. 1  Premiums. 

._  1 

15  Annual 
Premiums. 

10  Annua  l\ 
Premiums.  \ 

Age. 

25  Annual 
Preiuiums. 

20  Annual 
Premiums. 

15  Annual 
Pre  mi urns. 

10  Annual 
Premiums. 

£    s.  d. 

£  s.  d. 

£   s.  d. 

£    s.    d.  | 

1  £    s.  d. 

£  s:  d. 

~£~s.  d. 

£     s.  d. 

22 

2   12  O 

2  19  3 

3  11  11 

4  18  I 

32 

3    5  1 

3  13  9 

490 

608 

It 

2   14  I 

3    1  8 

3  14  10 

5    2   0  ; 

34 

|3    8  4 

3  17  3 

4  13  1 

660 

2   l6  7 

3    4  5 

3  18  0 

5    6  2 

36 

i  3  11  11 

4    1  0 

4  17  5 

6  11  8 

28 

2   19  3 

3    7  4 

4    1  6 

5  10  10 

38 

3  15  8 

4    5  1 

520 

6  17  6 

30 

3    2  1 

3  10  6 

4    5  2 

5  i5  8, 

40 

3  19  11 

4    9  5 

5    6  11 

7    3  9 

Example. — A  person  aged  30  may  secure  by  payment  of  ten  Annual  Premiums  of  ,£28.  \Zs.  ^d.  the 
sum  of  ,£500  payable  at  his  death,  or  should  the  Assured  wish  to  discontinue  the  payment  of  Premiums  before 
the  expiration  of  the  term  agreed  upon,  he  may,  after  three  annual  payments,  claim  a  free  or  paid-up  Policy 
in  lieu  of  the  original  one.  The  amount  assured  by  such  paid-up  Policy  will  be  in  proportion  to  the  number 
of  Premiums  paid  ;— for  instance,  supposing  £500  to  have  been  the  amount  originally  assured,  and  that  five 
Annual  Premiums  out  of  a  series  of  ten  have  been  paid,  then  .1  paid-up  Policy  for  £250  (or  five-tenths  of  a 
,£500)  would  be  granted. 

Prospectus,  Reports,  and  Proposal  Forms,  can  be  obtained  on  application  to  the  Society's  Agents 

and  Branch  C  Iffices,  or  to — 

F.  ALLAN  CURTIS,  ACTUARY  and  Skcretary. 


THE  LONDON  ASSUKANCE. 


Incorporated  by  Royal  Charter,  a.d.  1720. 

For  Marine,  Fire,  and  Life  Assurances. 

No.  7,  EOYAL  EXCHANGE,  LONDON,  E.C. 
Branch  Office — No.  22,  Cross  Street,  Manchester. 


EDWARD  BUDD,  Esq.,  Governor. 

MARK  WILKS  COLLET,  Esq.,  Sub-Governor. 

WILLIAM  RENNIE,  Esq.,  Deputy-Governor. 


HUGH  G.  ARBUTHNOT,  Esq. 
ROBERT  BURN  BLYTH,  Esq. 
WILLIAM  T.  BRAND,  Esq. 
Major-General  H.  P.  BURN. 
GEORGE  W.  CAMPBELL,  Esq. 
GEORGE  B.  DEWHURST,  Esq. 
ROBERT  B.  DOBREE,  Esq. 
GEORGE  L.  M.  GIBBS,  Esq. 


DIRECTORS. 

ROBERT  GILLESPIE,  Esq. 
HOWARD  GILLIAT,  Esq. 
HENRY  GOSCHEN,  Esq. 
EDWIN  GOWER,  Esq. 
A.  C.  GUTHRIE,  Esq. 
LOUIS  HUTH,  Esq. 
HENRY  J.  B.  KENDALL,  Esq. 
CHARLES  LYALL,  Esq. 


CAPT.  R.  W.  PELLY,  R.N. 
DAVID  POWELL,  Esq. 
P.  F.  ROBERTSON,  Esq. 
ROBERT  RYRIE,  Esq. 
DAVID  P.  SELLAR,  Esq. 
Col.  LEOPOLD  SEYMOUR. 
LEWIS  A.  WALLACE,  Esq. 
WILLIAM  B.WATSON,  Esq. 


Secretary. 

JOHN  P.  LAURENCE,  Esq. 

Actuary. 

ARTHUR  H.  BAILEY,  Esq. 


Underwriter. 

JOHN  ANTHONY  RUCKER,  Esq. 

Manager  of  the  Fire  Department. 

WILLIAM  H.  HORE,  Esq. 


Physician. 

EDWARD  CLAPTON,  M.D.,  St  Thomas's  Street,  South  wark. 
Solicitors, 

Messrs.  JOHNSONS,  UPTON,  BUDD,  &  ATKEY,  20,  Austin  Friars. 
Messrs.  COLLYER-BRISTOW,  WITHERS,  &  RUSSELL,  4,  Bedford  Row. 

West  End  Agents. 

Messrs.  GRINDLAYr  &  Co.,  55,  Parliament  Street,  S.W. 


The  Corporation  has  granted  Marine,  Fire,  and  Life  As- 
surances, for  more  than  a  Century  and  a  half;  during  that 
long  period  it  has  endeavoured  to  introduce  into  its  practice 
all  the  real  improvements  that  have  from  time  to  time  been 
suggested,  and  to  afford  every  facility  for  the  transaction  of 
business. 

Of  the  Share  Capital  the  sum  of  £448,275  has  been  paid 
up;  the  total  Funds  on  the  31st  December,  1876,  exceeded 
Three  Millions  sterling. 

Copies  of  the  Accounts  pursuant  to  "  The  Life  Assurance 
Companies'  Act,  1870/'  can  be  had  on  application  personally 
or  by  letter. 

J.  P.  LAURENCE, 

Secretary. 


%\t  €Ux$i3  HJtthutl  %mnxMtt  Satutji. 

ESTABLISHED    IN  1829. 

Office:— 2,  BROAD   SANCTUARY,  WESTMINSTER. 


Patrons. 

His  Grace  the  Archbishop  of  Canterbury.         His  Grace  the  Archbishop  of  York. 

President. 

The  Right  Hon.  and  Right  Rev.  the  Lord  Bishop  of  London. 

Vice-President. 

Charles  Sumner,  Esq.,  M.A. 

Trustees. 

His  Grace  the  Archbishop  of  Canterbury. 
His  Grace  the  Archbishop  of  Dublin.     |        The  Archdeacon  of  Maidstone. 

Treasurers. 

Edmund  Coulthurst,  Esq.  |       The  Archdeacon  of  Westminster. 

Directors. 

Chairman— The  Archdeacon  of  Westminster.       Deputy-Chairman — Robert  Few,  Esq. 


Charles  John  Baker,  Esq. 
The  Archdeacon  of  Bath. 
Rev.  Canon  Blomfield,  M.A. 
The  Dean  of  Bristol. 
The  Archdeacon  of  Buckingham 
Rev.  J.  Lovett  Cameron,  M.A. 
Rev.  C.  B.  Dalton,  M.A. 
Rev.  W.  H.  Dickinson,  M.  A. 
The  Hon.  Edward  W.  Douglas. 
Rev.  George  Eller,  M.A. 


Rev.  Canon  Ellison,  M.A. 
Hon.  &  Rev.  Canon  Grey,  M.A. 
Rev.  W.  Gilson  Humphry,  B.D. 
The  Archdeacon  of  London. 
Rev.  Canon  Lonsdale,  M.  A. 
The  Archdeacon  of  Maidstone, 
The  Dean  of  Manchester. 
Rev.  Charles  Marshall,  M.A. 
Rev.  Canon  Miller,  D.D. 
Rev.  J.  M. Burn-Murdoch,  M.A. 


The  Bishop  Suffragan  of  Not 
tingham. 

William  Rivington,  Esq. 
Rev.  Canon  Stone,  M.A. 
W.  H.  Stone,  Esq.,  M.D. 
John  Charles  Thynne,  Esq. 
M.A. 

Rev.  Henry  Wace,  M.A. 
Rev.  Canon  Williams,  M.A. 


Counsel — Thomas  Bourdillon,  Esq.,  M.A.,  Stone  Buildings,  Lincoln's  Inn. 

Solicitors— Messrs.  Lee,  Bolton,  and  Lee,  No.  2,  Broad  Sanctuary,  Westminster. 

Auditors — Charles  Barber,  Esq. ;  George  T.  Biddulph,  Esq. ;  Robert  J.  Lodge,  Esq. ; 
Rev.  Alexander  Wilson,  M.  A. 

Bankers— Messrs.  Coutts  and  Co. 

Consulting  Actuary — Frederick  Hendriks,  Esq.         Physician— Dr.  Stone,  14,  Dean's  Yard. 

Actuary — Stewart  Helder,  Esq.  Secretary — Matthew  Hodgson,  Esq. 


TOTAL   FUNDS      -       -       -  £2,352,257. 
TOTAL   ANNUAL   INCOME        -  £277,512. 
NO  AGENTS  EMPLOYED,  AND  NO  COMMISSION  PAID. 


REDUCED  PREMIUMS.-  Assurances  may  be  effected  upon  payment  of  four-fifths  of  the 
rates  chargeable  according  to  the  Society's  Table,  subject  to  certain  conditions  fully  set  forth 
and  explained  in  the  Prospectus. 

CLAIMS.— The  total  amount  of  Claims  paid  upon  death  from  the  commencement  of  the 
Society  to  1st  June,  1876,  was  £1,365,023. 

BONUS. — The  whole  available  Bonus  is  the  sole  property  of  Life  Assurers;  no  part  whatever 
is  taken  from  it  to  lie  shared  amongst  proprietors.  At  the  end  of  every  fifth  Year,  profits  are 
equitably  apportioned  amongst  existing  Life  Assurances.  By  means  of  Bonus,  many  of  the  earlier 
Life  Assurances  have  been  relieved  altogether  from  the  payment  of  Annual  Premiums,  and 
additions  in  almost  every  case  have  been  made  to  the  sums  assured.  £34.'], 140  was  divided 
amongst  Life  Assurances  at  the  declaration  of  Bonus  on  1st  June  last. 

Assurers  have  the  privilege,  at  the  time  of  making  an  Assurance,  of  selecting  the  mode  in 
which  the  Bonus,  whenever  due,  shall  be  applied,  viz.:  in  an  immediate  Cash  payment,  or  to 
the  reduction  of  the  Annual  Premium,  or  to  the  increase  of  the  Capital  sum  assured. 

Assurances  may  be  effected  on  LIVES,  SURVIVORSHIPS,  &c,  &c,  as  stated  in  the 
Society's  Prospectus,  to  any  amount  not  exceeding  £7,500. 

This  Society  is  strictly  confined  to  the  Clergy  of  the  Church  of  England  and  of  the  Episcopal 
Church  of  Scotland,  their  Wives  and  Families,  and  the  near  relations  of  themselves  and  Wives. 

Prospectuses,  Bonus  Accounts,  Forms  of  Proposal,  &c,  may  be  had  at  the  Office,  on 
personal  application,  or  by  letter. 

2,   BROAD    SANCTUARY,  WESTMINSTER. 
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INSTITUTED  IN  THE  REIGN  OF  QUEEN  ANNE,  A.D.  1714. 

DIRECTORS,  TRUSTEES,  &c. 


Joseph  Tetjeman  Mills,  Esq. 
John  Moeley,  Esq. 
John  Thoenton  Rogers,  Esq. 
George  Smith,  Esq. 
Stephen  Soames,  Esq. 
W.  Foster  White,  Esq. 
E.  Heysham  Wood,  Esq. 
Sir  Digby  Wyatt. 


Daniel  Beitten,  Esq. 
Chaeles  Chaeeington,  Esq. 
Beeiah  Drew,  Esq. 
John  Hibbeet,  Esq. 
Edmund  Holland,  Esq. 
Wm.  Burrowes  Lewis,  Esq. 
Wm.  Liddiaed,  Esq. 
J.  Remington  Mills,  Esq. 

The  Funds  of  the  Company  are  invested  exclusively  in  first-class  securities, 
and  amount  to  more  than  £1,400,000 ;  and  the  annual  income  is  over 
£200,000. 

The  Directors  are  ready  to  receive  proposals  for  insuring  property  generally, 
at  equitable  rates  against  the  risk  of  FIRE.  All  losses  promptly  and  liberally 
settled. 

An  Insurance  may  be  made  for  seven  years  by  prepayment  of  six  times 
the  annual  premium. 

The  advantages  offered  by  the  LIFE  DEPARTMENT  of  this  Company 
are : — 

Its  age  and  large  capital  afford  perfect  security. 

The  premiums  are  very  moderate. 

The  bonuses  distributed  have  been  large. 

The  published  Accounts  give  the  fullest  details  as  to  the  position  of 
the  Society. 

CHARLES  DARRELL,  Secretary. 
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FEATURES. 

1.  Full,  accurate,  and  impartial  Reports  of  the  Proceedings  of  Insurance,  Friendly  and  other 
Provident  Societies. 

2.  Actuarial  questions  are  periodically  and  fully  discussed,  under  the  immediate  super- 
intendence of  an  eminent  Member  of  the  Institute  of  Actuaries. 

3.  Under  the  head  of  "Insurance  Notabilia,"  attention  is  paid  to  all  such  items  of  news  in 
connection  with  the  various  Institutions  throughout  the  United  Kingdom  as  maybe  possessed  of 
general  interest  to  the  Insurance  Profession.  No  legitimate  means  is  spared  to  make  this 
department  of  the  Journal  what  its  title  implies  —  a  perfect  Record  of  all  events  deserving 
passing  notice,  arranged  in  such  a  form  as  to  be  easily  available  for  future  reference. 

4.  Statistical  questions  are  prominently  and  popularly  treated  by  an  able  and  active  Fellow 
of  the  Statistical  Society  of  London. 

5.  Brief  analytic  and  illustrative  Comments  on  the  Progress  of  Insurance  Companies 
occasionally  appear  simultaneously  with  the  Reports  of  their  Public  Meetings. 

6.  A  Legal  Corner  is  under  the  cognizance  of  a  gentleman  who  stands  very  high  in  the 
profession ;  and  the  working  of  the  laws  in  reference  to  Banking  and  Insurance  receives  ample 
elucidation. 
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Single  copy  for  one  year  (post  free)    . .    105.  6d. 
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Garden,  W.C.    Letters  intended  for  the  Editor  not  to  be  addressed  to  any  person  by  name. 
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VALUATION  TABLES, 

Based  upon  the 

"  institute  of  actuaries'  mortality  experience  (hm)  table," 
At  3,  3|,  4,  and  4|  per  Cent: 

Comprising 

VALUES  OF  POLICIES  FOR  ALL  DURATIONS;  VALUES  OF  TEMPORARY 
ANNUITIES    FOR   ALL    PERIODS  ;    SINGLE    AND    ANNUAL    PREMIUMS  FOR 
TEMPORARY  ASSURANCES  UP  TO  TEN  YEARS;  TABLES  FOR 
VALUING  ENDOWMENT  ASSURANCES; 
ALSO 

VALUES  OF  POLICIES  ON  THE  HM(s)  TABLE,  AT  THE  SAME  RATES  OF  INTERES'l 

WITH  OTHER  USEFUL  TABLES, 
©aleulatet)  bg  tijt  $ri$mometer  mbentcD  f>g  01.  ©j)omag  (t)e  ©olmar). 

Nec  manus  nuda,  nec  intellectus  sibi  permissus,  multum  valet;  instrumentis  et  auxiliis  res 
perficietur. — Bacon,  Nov.  Org. 

BY 

RALPH  PRICE  HARDY, 

Actuary  to  the  London  and  Provincial  Law  Assurance  Society *,  and  one  of  the  Honorary 
Secretaries  of  the  Lnstitute  of  Actuaries. 


In  the  Press. 

BY  THE  SAME  AUTHOR. 

TWO  LIFE  TABLES, 

Based  upon  the 

"INSTITUTE  OP  ACTUARIES'  MORTALITY  EXPERIENCE  (HM)  TABLE," 

At  3,  3 J,  and  4  per  Cent: 

Comprising 

VALUES  OF  ANNUITIES  FOR  JOINT  LIVES;  SINGLE  AND  ANNUAL  PREMIUMS 
FOR  ASSURANCES  ON  JOINT  LIVES  AND  ON  SURVIVORSHIPS, 
FOR  ALL  COMBINATIONS  OF  TWO  AGES; 

ALSO, 

THE   CURTATE   EXPECTATION    OF   LIFE   FOR  TWO  JOINT  LIVES: 

WITH   AN  APPENDIX. 
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